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The following Summary records the action taken by the Society at the Annual 
Meeting on the Recommendations Affecting Standards and Tentative Standards 


1322 
1323 appearing in the Annual Reports of the Standing Committees. In the individual 
324 committee reports attention is called through an editorial footnote to any modifi- 
324 cations of the recommendations or where the recommendations of the committee 
324 were not approved. In all other instances it is to be understood that the recom- 
325 mendations were approved as submitted by the committee. 
1326 

327 SUMMARY OF THE PROCEEDINGS OF THE FORTIETH © 
327 ANNUAL MEETING 

New York Crry, June 28-Jury 2, 1937 

Tue FortretH ANNUAL MEETING OF THE AMERICAN SOCIETY FOR TESTING 

328 MATERIALS was held at The Waldorf-Astoria, New York City, June 28-July 2, 1937. 
329 The following is an analysis of the registered attendance at the meeting: Members 
361 in attendance or represented, 960; committee members, 186; guests, 377; total 


1523; ladies, 179. The corresponding statistics for the Thirty-ninth Annual Meeting 
are as follows: Members in attendance or represented, 757; committee members, 
143; guests, 231; total 1131; ladies, 256. 


Tue Fourtu or TESTING APPARATUS AND RELATED EQUIPMENT spon- 
sored by the Society was held throughout the five days of the annual meeting. The 
Exhibit was the most extensive of any yet held and was of outstanding interest to the 
members and large number of visitors. In the 57 booths there was a wide range of 
testing and scientific instruments, laboratory apparatus and supplies and related 
products. Many of the leading companies in the industry sponsored displays, 42 
participating. ‘The companies featured new equipment and products, some of which 
were displayed for the first time. 

Features of the Exhibit were the displays sponsored by six Society committees as 
follows: A-5 on Corrosion of Iron and Steel (in cooperation with Committee B-3 on 
Corrosion of Non-Ferrous Metals and Alloys and other A.S.T.M. committees); B-7 
on Light Metals and Alloys, Cast and Wrought; E-4 on Metallography; D-9 on 
Electrical Insulating Materials; D-13 on Textile Materials and the Joint A.S.M.E.- 
A.S.T.M. Research Committee on Effect of Temperature on the Properties of Metals. 
Each of these committees emphasized various phases of its work, the groups as a whole 
giving a conception of the wide extent of A.S.T.M. work in standardization and 
research. There were four displays sponsored by industrial and institutional research 
laboratories featuring apparatus and equipment used for special research and testing 
work. 


. 
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SUMMARY OF PROCEEDINGS > 


First SEssion—Monpay, JUNE 28, 3.30 P. M. 


Formal Opening Session 


President Arno C. Fieldner in the chair. 


President Fieldner in opening the Fortieth Annual Meeting called attention to 
the fact that this was the first annual meeting that the Society has held in New York 
City since 1912, at the time of the Sixth Congress of the International Association for 
Testing Materials. President Fieldner stated that from the attendance records, the 
number of scheduled meetings and technical sessions, the fine exhibit of testing 
apparatus, and other scheduled activities, this meeting promised to be the most suc- 
cessful that the Society has yet held. He said that the Society had been especially 
active during the year, as evidenced by the large number of meetings of standing 
committees that had been held which resulted in annual reports from 50 committees 
to be submitted at this annual meeting, including a large number of recommendations 
on new and revised standards. He referred particularly to the activities of the eight 
district committees of the Society, under whose auspices several meetings had been 
held during the year. President Fieldner in referring to the very satisfactory increase 
in membership which had taken place during the year, called attention to the fact that 
the Society was extending its activities into new materials fields which should result 
in the Society rendering an increasing service to its membership and to industry. 

President Fieldner then presented the Honorary Chairman of the New York 
Committee on Arrangements, Past-President H. S. Vassar, who extended a cordial 
welcome to the Society on behalf of the members in the New York District. He stated 
that the New York Committee was indeed pleased to act as host to the Society member- 
ship on this occasion of its Fortieth Annual Meeting and expressed the hope that the 
arrangements that had been made would contribute to a most successful meeting. 

Mr. Vassar then introduced M. F. Skinker, chairman of the New York Committee 
on Arrangements, who outlined briefly the plans and arrangements that had been 
made for the entertainment of the members and guests and particularly of the ladies 
during the meeting. He said that no effort had been spared by the committee to 
make this a grand occasion. 

The President then introduced P. H. Bates, chairman of Committee E-9 on 
Research, who presented the report of the committee. 


The President then presented Cloyd M. Chapman, chairman of Committee E-10 
on Standards, who presented the report of the committee. 


President Fieldner then introduced the Secretary-Treasurer, C. L. Warwick, 
who presented the report of the Executive Committee. This report on general Society 
activities covered membership, publications, finances, and administrative matters 
relating to committee activities and inter-society relations. ‘The proposed revisions 
in the By-laws of the Society were approved for reference to ietter ballot of the Society 
for adoption. 


Past-President Hermann von Schrenk then assumed the chair. 


The chairman presented the President, Arno C. Fieldner, who delivered the 
annual Presidential Address on “‘Fuels of Today and Tomorrow,” in which he 
traced the use of the several fuels for the past 30 yr. In reviewing the national 
reserves of fuels he pointed out that although there is sufficient coal for hundreds and 
possibly thousands of years, the natural gas and oil obtainable by present methods 
tay be exhausted in 100 yr and a shortage of our domestic supply may begin 
within 10 or 20 yr. In presenting an appraisal of present trends and future prob- 
abilities of the fuels of tomorrow, President Fieldner predicted that coal will continue 
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to be the principal fuel used for the generation of major industrial and public utility 
power but that it will be burned more efficiently as the result of technologic improve- 
ments. He sees no substitute for metallurgical coke but anticipated the wider use of 
the by-product gases industrially. In domestic applications he indicated that the 


to stoker-fired furnaces will tend to halt the inroads being made by oil in house heating. 
rk In discussing the very interesting question of the motor fuel supply, he indicated 
or that the use of scientific methods in extracting oil from sands, and catalytic poly- 
he merization and hydrogenation eventually may furnish the means for complete con- 
ig version of volatile liquids and heavy petroleum to gasoline. None of these new 
c- fuels, however, can hope to be as cheap as our present petroleum fuels. In conclusion, 
ly President Fieldner pointed out that although gas, oil and coal have energized an in- 
ig dustrial civilization on a magnificent scale, we are awakening to the need of conserving 
es these resources wisely so that the generations of tomorrow will have better fuels than 
ns we of today. Future scientists may unlock undreamed of powers, but engineers 


ht should plan on the basis of the resources known today. 
on For the Award of Honorary Membership, the chairman requested N. L. Mochel 
se to escort John A. Capp to the platform, W. R. Webster to escort Guilliam H. Clamer, 
at and C. S. Reeve to escort Gustave W. Thompson. Each in turn was presented to 
It the President who made the award of the Honorary Membership Certificate on 
behalf of the Executive Committee which had unanimously elected them as Honorary 
“k Members in recognition of the eminent position each had attained in the field of 
al metals testing and in acknowledgment of the many years of service given in the cause 
1d of engineering standardization. 
r The chairman then recognized H. F. Moore, chairman of the Committee of 
1e Tellers, who reported the results of the letter ballot on election of officers. Of the > 4 
1203 ballots cast, the results were as follows: 
2e For President, to serve for one year: A. E. White, 1195 votes. _ : 
n For Vice-President, to serve for two years: H. H. Morgan, 1192 votes. ‘ 
“Ss For Members of Executive Committee, to serve for two years: 
0 P. H. Bates, 1181 votes. 
- H. F. Clemmer, 1176 votes. 
n G. E. F. Lundell, 1178 votes. 
H.C. Mougey, 1183 votes. 
0 R.L. Templin, 1176 votes. 
he accordance with the ballot the chair declared’ the officers listed above — . 
K, The chairman then introduced the newly elected members of the Executive 
y Committee. 
rs At the request of the chairman, Past-President H. S. Vassar and Allen Rogers 
1S escorted the Vice-President-Elect, H. H. Morgan, to the chair, who in expressing his 
y appreciation of the honor of his election stated that he realized its acceptance carries 
with it certain responsibilities which he was poeparet to accept. q 
The chairman then requested Past-Presidents F. O. Clements and H. F. Moore } 7 
to escort to the chair the President-Elect, A. E. White. 
The meeting then adjourned till 8 p. m. 
al MonpDAy, JUNE 28, 8 P.M. 
Round-Table Discussion on Precision and Accuracy 
2 Messrs. H. F. Dodge and G. E. Hopkins, co-chairmen. 


A Round-Table Discussion on Precision and Accuracy was held on Monday 
evening, June 28, at 8 p.m. This informal round-table meeting was arranged under 
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the joint sponsorship of Technical Committee IX on Interpretation and Presentation tl 
of Data (H. F. Dodge, chairman), and Technical Committee XI on Designation and al 
Interpretation of Numerical Requirements (J. A. Gann, chairman), of Committee E-1 
on Methods of Testing. 

In introducing this first general discussion before the Society on this subject, 
H. F. Dodge and G. E. Hopkins, co-chairmen of the round-table discussion, reviewed 
briefly the reasons for arranging this program for the purpose of clarifying the under- 
standing of engineers with respect to the significance and use of the terms “‘ precision,” 
“accuracy,” ‘‘sensitivity,” and “‘reproducibility of results.” The several phases of 
the subject considered at the meeting were introduced by the following three formal 


discussions: 
“The Fundamental Aspects of the Subject,” by W. A. Shewhart. : 
“The Field of Mechanical Testing,” by H. F. Moore. : 


“The Field of Chemical Analysis,” by G. E. F. Lundell. 


A prepared discussion of each of the above formal contributions was then pre- 
sented, respectively, by R. F. Passano, H. J. Ball and H. V. Churchill, following 
which the subject of the meeting was informally discussed by those in attendance. 
At the close of the meeting a resolution for submission to Committee E-1 on Methods 
of Testing was adopted recommending “‘that when a standing committee records 
or specifies a numerical value for precision in a standard, it make clear what is meant 
in terms of operations or procedures to be followed for purposes of verification.” 


The meeting then adjourned till the following morning. 


SECOND SESSION—TUESDAY, JUNE 29, 9.30 A.M. 


Symposium on Consistency: Critical Discussion on Present-Day Practices in 
Consistency Measurement 

oe (Held Simultaneously with Third Session) 

Past-President W. H. Fulweiler in the chair. 


Mr. Fulweiler in introducing the Symposium on Consistency, summarized 
briefly the reasons for arranging for this series of papers to consider the advances in 
recent years made in consistency measurement, including a discussion of the theo- 
retical background and the existing nomenclature. He called attention to the fact 
that the nine papers comprising the symposium covered a representative cross-section 
of engineering materials concerning which the establishment of authoritative nomen- 
clature and fundamental principles underlying the measurement of consistency, 
plasticity, viscosity and related properties is important. Mr. Fulweiler stated that 
it was the purpose of the symposium to present a critical review of consistency measure- 
ment as applied to these materials, and to consider the possibilities of standardization 
and the use and advantages to be derived from the use of fundamental units of 
measurement. 

Mr. Fulweiler then introduced the first paper entitled ‘‘Recent Progress in Con- 
sistency Measurement,” by E. C. Bingham, which was presented by the author and 
discussed. 

The co-chairmen, Messrs. E. C. Bingham, H. A. Gardner, C. S. Reeve, L. C. 
Beard, Jr., Arthur W. Carpenter and T. wmth Taylor, then presided i in turn during 
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tion the presentation of the remaining papers, as follows, which were presented by the a 7 
and authors and discussed: . q 
E-1 “Definition of Consistency and Theoretical Considerations,” by M. Mooney. | | 
ject, “Consistency Measurements in the Paint Industry,” by D. L. Gamble. 
wed “The Flow Properties of Asphalts Measured in Absolute Units,” by R. N. | 
der- Traxler. ; 
on,” “Consistency Measurements in the Coal-Tar Industry,” by E. O. Rhodes, 4 
S of E. W. Volkmann and C. T. Barker (presented by Mr. Volkmann). — 
‘mal “Viscosity Measurement of Petroleum Products and Lubricants,” by J. C. 
Geniesse. 
“Consistency Measurement of Rubber and Rubber Compounds,” by J. H. 
Dillon and L. V. Cooper (presented by Mr. Dillon). 


“Measurements of Flow Characteristics of Thermosetting Resins,” by H. L. 
Bender, H. F. Wakefield and H. E. Riley (presented by Mr. Riley). 


e “Cold Flow of Insulating Materials,” by Robert Burns and Irving L. Hopkins 
(presented by Mr. Burns). 
— The meeting then adjourned till 1.30 p. m. 
ords 
cant Tutrp SEssion—TvuEsDAY, JUNE 29, 9.30 A.M. 
Symposium on Significance of Tests of Coal 
(Held Simultaneously with Second Session) q 
President A. C. Fieldner and Mr. J. B. Morrow, co-chairmen. 
President Fieldner in opening the Symposium on Significance of Tests of Coal — 
stated that it had been arranged for the purpose of providing the engineering pro- 
fession with information on the applicability of the tests for coal now in general use 
in this country and the significance of the results obtained. He then introduced the any 
members of the special committee responsible for the arrangements for the sym- | 
posium: A. W. Gauger, chairman; G. B. Gould, and J. B. Morrow. The following 
_ three papers, comprising the first half of the symposium, were then presented by _ 
their authors and discussed: | 
heo- ‘Pulverizer Performance as Affected by Grindability and Other Factors,” by 
fact Martin Frisch and A. C. Foster (presented by Mr. Foster). - 
tion “The Significance of Ash-Softening Temperature and Ash Composition in the — “4 
Utilization of Coal,” by A. W. Gauger. 
“Interpretation of Laboratory Coal Tests—Proximate Analysis and Calorific 
Value,” by G. B. Gould. 
tion The meeting then adjourned till 2 p. m., the symposium being continued in the — 
s of Fourth Session. 
‘one FourtTH SESSION—TUESDAY, JUNE 29, 2 P.M. 
and | Coal, Coke, Gaseous Fuels 
C (Held Simultaneously with Fifth and Sixth Sessions) 
ring Mr. A. W. Gauger in the chair. 


a The report of Committee D-3 on Gaseous Fuels was presented by the chairman, 
A. C, Fieldner. 
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SUMMARY OF PROCEEDINGS _ 


The report of Committee D-5 on Coal and Coke was presented by the chairman, 
A. C. Fieldner. The proposed Tentative Methods of Drop Shatter Test for Coal, and 
of Tumbler Test for Coal were accepted for publication as tentative. The proposed 
revisions of the Tentative Methods of Test for Grindability of Coal by the Ball- 
Mill Method (D 408-35 T) and Test for Grindability of Coal by the Hardgrove- 
Machine Method (D 409-35 T) were accepted, the methods as revised being 
continued as tentative. The proposed revisions of the Standard Methods of Sampling 
Coal (D 21 — 16) and Methods of Laboratory Sampling and Analysis of Coal and Coke 
(D 271-33) were accepted for publication as tentative. ‘The tentative revision of 
the Standard Methods D 271 was approved for reference to letter ballot of the Society 
for adoption as standard, this recommendation requiring a nine-tenths vote. 

The report of Sectional Committee M20 on Classification of Coals was pre- 
sented by the chairman, A. C. Fieldner. The Tentative Specifications for Classifica- 
tion of Coals by Grade (D 389 — 34 T) and for Classification of Coals by Rank (D 388 - 
36 T), as revised, were approved for reference to letter ballot of the Society for 
adoption as standard. 


Mr. G. B. Gould then assumed the chair. 


The Symposium on Significance of Tests of Coal, which had been opened in 
the Third Session, was continued in this session with the following three papers 
which were presented by their authors and discussed: 


“The Significance to the Consumer of Sulfur in Coal,” by Henry Kreisinger. 

“Laboratory Tests Relating to Caking, Plastic, Gas- and Coke-Making Proper- 
ties of Bituminous Coals,” by O. O. Malleis. 

“Significance of Friability and Size Stability Tests on Coal,” by R. E. Gilmore 
and J. H. H. Nicolls (presented by Mr. Gilmore). 


The meeting then adjourned till the following morning. oO 


Firta JUNE 29, 1.30 

Paint and Related Products : 
(Held Simultaneously with Fourth and Sixth Sessions) — 
Mr. R. L. Hallett in the chair. 
The report of Committee D-1 on Paint, Varnish, Lacquer, and Related Products, 
was presented by the secretary, M. Rea Paul. The proposed Tentative Specifications 
for Zinc Sulfide Magnesium Pigment, for Titanium-Magnesium Pigment, and Methods 
of Routine Analysis of Zinc Yellow Pigment (Zinc-Chromate Yellow) were accepted 
for publication as tentative. The proposed Tentative Method of Test for Spectral 
Apparent Reflectivity of Paints was accepted for publication as tentative to replace 
the Standard Method of Analysis for the Color Characteristics of Paints in Terms of 
Fundamental Physical Units (D 307 — 30) which was accordingly withdrawn. 

The revisions proposed for immediate adoption in the Standard Methods of 
Test for Coarse Particles in Dry Pigments and Coarse Particles and Skins in Mixtures 
of Pigments and Vehicles (D 185 — 29), of Routine Analysis of Dry Red Lead (D 49 - 
35) and of Routine Analysis of Titanium Pigments (D 186-33) were unanimously 
approved for reference to letter ballot of the Society for adoption as standard, this 
recommendation requiring a nine-tenths vote. 

The proposed revisions of the Standard Specifications for Raw Tung Oil (D 12 - 
33), for Zinx Oxide (D 79 — 24), for Basic Sulfate White Lead (D 82 — 24) in the form 
of completely revised specifications, for Perilla Oil, Raw or Refined (D 125 - 23), for 
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lan, Zine Sulfide (D 386 - 36), and Methods of Routine Analysis of Dry Cuprous Oxide | 
and (D 283 — 36) in the form of completely revised methods, were accepted for publication — 
sed is tentative. 
jall- The proposed revisions of the Tentative Specifications for Raw Soybean Oil 
ve- (D 124-33 T), Methods of Test for Comparative Hiding Power of Paints (D344- _ 
ing 32 T) and Test for Comparative Hiding Power of White Pigments (D 406 — 35 T) were 
ling accepted, the specifications and methods as revised being continued as tentative. _ 
oke The tentative revision of the Standard Methods of Routine Analysis of White Linseed _ 
. of Oil Paints (D 215-35) was unanimously approved for reference to letter ballot of © 
ety the Society for adoption as standard, this recommendation requiring a nine-tenths vote. _ 
The recommendation presented on the floor at the annual meeting for the adop- 
re- tion as standard of the Tentative Methods of Testing Nitrocellulose Clear Lacquers a 
ca- and Lacquer Enamels (D 333 - 34 T) revised as indicated below, was unanimously __ 
8 - approved for reference to letter ballot of the Society, subject to favorable letter 
for ballot of Committee D-1:! 


Section 6.—Delete the description of the bending test, which reads as follows, renum- _ 
bering the remaining sections of the methods accordingly: . 
6. The composition of the metal test panel for the bending test, the gage 
thereof and the manner of application of lacquer coating applied thereto, shall 


be mutually agreed upon by the buyer and seller. 
The test shall be made by bending the panel at a uniform rate through an er 


angle of more than 140 deg. over a mandrel of mutually agreed upon radius. 
=. A report on house paint exposure tests for gloss retention and chalking resistance, 
submitted by Subcommittee VII on Accelerated Tests for Protective Coatings, pre- 
ore 
sented on the floor at the annual meeting, which had been accepted by the committee 


for inclusion in its annual report but had not been preprinted, was accepted, subject 
to approval by Committee E-6 on Papers and Publications. 

It was announced that the committee had completed the preparation of Proposed 
Specifications for c. p. Zinc Yellow (Zinc Chromate), for Para Red Toner, for Reduced 
Para Red, and Method of Test for Reactivity of Paint Liquids; also proposed revisions 
in the Standard Specifications for Normal Butyl Acetate (88 to 92 per cent Grade) 
(D 303 — 33), for Butyl Propionate (90 to 93 per cent Grade) (D 320-33) and for 
Ethyl Lactate (Synthetic) (D 321-33) which, if approved by letter ballot of the 
committee, would be submitted to the Society for publication as tentative through 


ts, Committee E-10 on Standards subsequent to the annual meeting. ict dn 

ns 

ds Mr. H. A. Nelson then assumed the chair. _ Oo 

ed Mr. Nelson in introducing the Symposium on Correlation Between Accelerated | 
ral Laboratory Tests and Service Tests on Protective and Decorative Coatings stated — 7 


ce that it had been arranged for the purpose of promoting the exchange of information — 
of and experience on this important subject. 

Mr. Nelson then presented W. R. Fuller who opened the discussion on Topic I: 
of Finishes for Indoor Service. Mr. Fuller introduced in turn the following who partici- 


eS pated in the discussion of this subject: 
= C. C, Hipkins, Finish Engineer, Bell Telephone Laboratories. 

ly Leo Roon, President, Roxalin Flexible Lacquer Co., Inc. (Discussion sensei 

aa by Mr. Kirk, Secretary of the Company in absence of Mr. Roon.) 


J. B. Bullitt, Jr., Chemist, Philadelphia Laboratory, E. I. du Pont de Nemours 
and Co.. Inc. 


1 This recommendation was submitted to letter ballot of Committee D-1 which consists of 214 members; 
9 members returned their ballots, of whom 43 voted affirmatively and | negatively. 


ers 
| 
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‘William H. Lutz, Technical Director, Pratt & Lambert, Inc. 

W. C. Norris, Selden Division, American Cyanamid and Chemical Corp., who 
summarized his paper on ‘Equipment for Testing the Resistance to Cold 
Checking of Lacquers and Other Surface Coatings.” 

_R. J. Moore, Development Manager, Varnish Resin Division, Bakelite Corp. 

E. F. Hickson, Chemist, National Bureau of Standards. 
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_ Mr. Nelson then presented H. A. Gardner who opened the discussion on Topic II: 
Paints for Exterior Service on Wood. Mr. Gardner called upon each of the following: 


C. D. Holley, Director of Paint Research, Sherwin-Williams Co. 

M. J. Dorcas, Lamp Department Manager, National Carbon C 0. 

A. C. Eide, Sales Engineer, American Zinc Sales Co. - 

H. A. Depew, Research Chemist, American Zinc Sales Co. 

- B. Girault, Paint Technologist, Robert W. Hunt Co. 

/ - Hopkins, Division of Chemistry, National Research Council, Canada. 

E W McMullen, Director of Research, Eagle-Picher Lead Co. 
C.H Rose, Chemist, National Lead Co. 


s. W erthan, Chief of ‘Paint Section, Research Division, The New Jersey Zinc Co. 


r . L. Browne, Senior Chemist, Forest Products Laboratory. 


Mr. Nelson then presented C. F. Rassweiler who opened the discussion on Topic 
III: Paints for Iron and Steel. Mr. Rassweiler then called upon each of the following: 


G.B. Girault, Paint Technologist, Robert W. Hunt Co. 

Ss. G. Saunders, Chrysler Corp. 

V.M. Darsey, Technical Director, Parker Rust-Proof Co. 

_E. H. Barlow, Chief Engineer, The Standard Oil Development Co. (Discussion 


ct Wilson, Technical Director, James B. Sipe and Co. 
J. C. Moore, Superintendent, Paint Dept., Sinclair Refining Co. 


presented by G. W. Oxley in absence of Mr. Barlow.) _ ier 


The meeting then adjourned till the following morning. 


SixtH SESSION—TUuESDAY, JUNE 29, 2 P.M. 


Bituminous Materials 
(Held Simultaneously with Fourth and Fifth Sessions) 
_ Mr. J. S. Miller in the chair. 


The report of Committee D-8 on Bituminous Waterproofing and Roofing Materials 
was presented by the chairman, J. M. Weiss. 

The proposed Tentative Methods of Test for Sieve Analysis of Granular Mineral 
Surfacing for Asphalt Roofing and Shingles, and for Sieve Analysis of Non-Granular 
Mineral Surfacing for Asphalt Roofing and Shingles were accepted for publication as 
tentative. The proposed Tentative Specifications for Asphalt for Damp-proofing 
and Waterproofing were accepted for publication as tentative to replace the existing 
Tentative Specifications D 40 - 36 T and D 144-36 T; also the proposed Tentative 
Specifications for Coal-Tar Pitch for Roofing, Damp-proofing and Waterproofing 
were accepted for publication as tentative to replace the existing Tentative Speci- 
fications D 42 - 36 T, D 145 - 36 T, D 200-36 T, D 201-36 T, D 251-36 T and 
D 252 - 36 T. 
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The revision proposed for immediate adoption in the Standard Methods of 
Testing Felted and Woven Fabrics Saturated with Bituminous Substances for Use 
in Waterproofing and Roofing (D 146-27) were unanimously approved for reference 
to letter ballot of the Society for adoption as standard, this recommendation requiring 
a nine-tenths vote. 


The proposed revisions of the Tentative Specifications for Asphalt Roofing 
Surfaced with Powdered Talc or Mica (D 224-35 T), for Asphalt Shingles Surfaced 
with Coarse Mineral Granules (D 225-35 T), for Asphalt Roofing Surfaced with 
Fine Mineral Granules (D 248-35 T), for Asphalt Roofing Surfaced with Coarse 
Mineral Granules (D 249-35 T), for Asphalt for Use in Constructing Built-Up 
Roof Coverings (D 312-25 T), for Asphalt Cap Sheet Surfaced with Mineral Gran- 
ules (D 371 — 33 T), for Creosote Priming Coat with Coal-Tar Pitch in Damp-proofing 
and Waterproofing Below and Above Ground Level (D 43 - 36 T), and Methods of 
Testing Asphalt Roll-Roofing Surfaced with Fine Talc, Granular Talc, or Mineral 
Granules; also Asphalt Shingles Surfaced with Mineral Granules (D 228-33 T), 
with certain editorial changes presented on the floor at the annual meeting, and for 
Coarse Particles in Mixtures of Asphalt and Mineral Matter (D 313-35 T) were 
accepted, the specifications and methods as revised being continued as tentative. 


It was announced that the committee had completed the preparation of a new 
proposed Method of Testing Films Deposited from Bituminous Emulsions which, if 
approved by letter ballot of the committee, would be submitted to the Society for 
publication as tentative through Committee E-10 on Standards, subsequent to the 
annual meeting. 


The following papers were then presented and discussed: 


“The Constitution of Cracked and Uncracked Asphalts,” by E. S. Hillman and 
B. Barnett (presented by Mr. Barnett). 

“Development of Internal Structure in Asphalts with Time,” by R. N. Traxler 
and C. E. Coombs (presented by Mr. Traxler). 

“Indentation and Compression Shear Tests for Determining Service Stability of 
Asphalt Plank,” by H. W. Greider and Henri Marc (presented from manu- 
script by Mr. Marc). 

“The Design of Asphalt Mixtures for Underwater Construction,” by Rossiter 
M. McCrone and F. C. Field (presented by Prévost Hubbard). 


The meeting then adjourned till the following morning. 


SEVENTH SESSION—WEDNESDAY, JUNE 30, 9.30 A. M. _ 
Road Materials, Bituminous Materials 
(Continued from Sixth Session; Held Simultaneously with Eighth and Ninth Sessions) 
Mr. C. S. Reeve in the chair. 


The report of Committee D-4 on Road and Paving Materials was presented by _ 
the First Vice-chairman, E. F. Kelly. 

The proposed Tentative Method of Test for Abrasion of Coarse Aggregate by 
Use of the Los Angeles Machine was accepted for publication as tentative with an 
editorial change presented on the floor at the annual meeting to provide for the use 
of either cast iron or steel spheres as the abrasive charge in the test. The proposed 
Tentative Specifications for Standard Sizes of Coarse Aggregates for Highway Con- 
struction were accepted for publication as tentative to replace the existing Tentative 
Specifications D 63 - 23 T and D 64 - 20 T. 
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SUMMARY OF PROCEEDINGS 


The revisions proposed for immediate adoption in the Standard Specifications 
for Materials for Cement Mortar Bed for Brick, Stone Block, Wood Block, Asphalt 
Block and Other Block Pavements (D 58-24) were unanimously approved for 
reference to letter ballot of the Society for adoption as standard, this recommendation 
requiring a nine-tenths vote. 

The proposed revision of the Tentative Method of Test for Abrasion of Gravel 
(D 289-28 T) was accepted with the following additional revision in Section 3 pre- 
sented on the floor at the annual meeting, the method as revised being continued as 
tentative: 


Section 3.—Change from its form as preprinted: namely, 


3. An abrasive charge weighing 2500 g. + 10 g., comprising six cast-iron 
spheres approximately 1% in. in diameter, each weighing between 405 and 435 g., 
shall be used with each test sample. 


to read as follows: 
3. An abrasive charge weighing 2500 g. + 10 g., comprising six cast-iron 
or steel spheres approximately 1} in. in diameter, each weighing between 405 and 
440 g., shall be used with each test sample. The cast-iron spheres shall con- 
form to the following requirements as to chemical composition: 


0.25 


The Tentative Method of Test for Determination of Amount of Material Finer 
than No. 200 Sieve in Aggregates (C 117 — 35 T) was approved for reference to letter 
ballot of the Society for adoption as standard, on the recommendation presented 
jointly by Committee D-4 and Committee C-9 on Concrete and Concrete Aggregates, 
to replace the existing Standard Methods of Test for Quantity of Clay and Silt in 
Gravel for Highway Construction (D 72 - 21) and of Decantation Test for Sand and 
Other Fine Aggregates (D 136 — 28), the withdrawal of which standard methods was 
accordingly approved. 

The withdrawal of the Standard Form of Specifications for Certain Commercial 
Grades of Broken Stone (D 35 - 18) was approved. 

The following editorial changes in the Standard Methods of Chemical Analysis 


of Calcium Chloride (D 345 - 34) presented on the floor at the annual meeting, were 
approved: 


Section 1.—Change the tenth sentence from its present form: namely, 
Dissolve the precipitate with 10 to 15 ml. of 0.25 N H,SQ,, heat to about 
80 C. and titrate to a pink color with 0.1 VW KMnQ,. 
to read as follows: 


Dissolve the precipitate with 10 to 15 ml. of a solution of 1 part H,SO, 
and 4 parts water, heat to about 80 C. and titrate to a pink color with 0.1 N 


KMnO,. 
_ In the formula following this section change the denominator of the fraction to 


read as follows by the addition of the italicized word: ‘‘ Weight of original 
sample in grams.” 
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Section 3.—Divide the second paragraph of this section into two paragraphs beginning 
the new third paragraph with the present sixth sentence which reads: ‘Finally, 
filter through a dry retentive filter paper, discarding the first 10 ml. and refilter- 
ing if cloudy.” 

Omit from the new third paragraph the second sentence, which reads as follows: 
Add a few milliliters of (NH,)2C.0,, heat to boiling, and filter. 

The recommendation, presented on the floor at the annual meeting, that the 
Tentative Specifications for Concrete for Pavements (D 366-33 T) be withdrawn, 
was approved. In explanation of this recommendation, it was pointed out that 
these specifications are, to a great extent, construction specifications for concrete 
pavements, and since there has been some question as to whether the Society should 
concern itself with specifications of this character, it was agreed that the specification 
would be discontinued with the understanding that this subject would be carried on 
by the American Concrete Institute. 

It was announced that the committee had completed certain revisions in the 
Standard Method of Test for Softening Point of Tar Products (Cube-in-Water Method) 
(D 61-24) which, after approval by letter ballot of the committee, would be sub- 
mitted to the Society through Committee E-10 on Standards during the summer for 
publication as tentative. 


The following papers were then presented: sie 
“Compression Testing of Asphalt Paving Mixtures—II,” by Roland Vokac, 
presented by the author and discussed. 4 
“Bituminous Practice on Western Highways,”! by J. E. Buchanan, presented 
from manuscript by B. E. Gray. 
“The Homogeneity of West Texas Asphalts,” by Sidney Born, presented from 
manuscript by the author and discussed. 
“The Constituents of Asphaltic Materials versus Accelerated Weathering,” 
by R. R. Thurston, presented by the author and discussed. i 


The meeting then adjourned till 1.30 p. m. 


E1cutu JuNE 30, 9.30 A. M. 


Masonry Materials, Refractories 
(Held Simultaneously with Seventh and, Ninth Sessions) 
Past-President Cloyd M. Chapman in the chair. 


The report of Committee C-3 on Brick was presented by the chairman, J. W. 
McBurney. In presenting this final report of Committee C-3 Mr. McBurney 
announced that the proposal to merge Committee C-3 and Committee C-10 on Hollow d 
Masonry Building Units as a single standing committee on manufactured masonry 
units, had been approved by letter ballot of the committees. 

The proposed Tentative Specifications for Paving Brick (C 7 - 37 T) were accepted 4 


for publication as tentative to replace the Standard Specifications for Paving Brick 
(C 7-30); also the proposed Tentative Specifications for Sewer Brick (Made from 
Clay or Shale) (C 32 - 37 T) were accepted for publication as tentative to replace the 
Standard Specifications for Clay Sewer Brick (C 32-24). The withdrawal of the 
Standard Specifications C 7 - 30 and C 32 - 24 was accordingly approved. 

The proposed revisions of the Tentative Specifications for Building Brick (Made 
from Clay or Shale) (C 62 - 36 T) were accepted, these specifications as revised being 
continued as tentative. 


1 Published in ASTM BuLtetin, October, 1937. 
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SUMMARY OF PROCEEDINGS 


12 


The revisions proposed for immediate adoption in the Standard Specifications 
for Concrete Building Brick (C 55 - 34), and for Sand-Lime Building Brick (C 73 - 30) 
were unanimously approved for reference to letter ballot of the Society for adoption 
as standard, this recommendation requiring a nine-tenths vote. The Tentative Methods 
of Testing Brick (Modulus of Rupture, Compressive Strength, Absorption) (C 67 - 
36 T) were approved for reference to letter ballot of the Society for adoption as standard 
to supersede the existing Standard Methods of Testing Brick (Compression, Flexure, 
Absorption) (C 67 — 31), which were accordingly withdrawn. 


A paper entitled “‘The Wick Test for Efflorescence of Building Brick,” by J. W. 
McBurney and D. E. Parsons, was presented by Mr. McBurney and discussed. 


The report of Committee C-11 on Gypsum was presented by the chairman, J. W. 
Ginder. 

An informal progress report of Sectiona! Committee A42 on Specifications for 
Plastering was presented by the Secretary, J. W. McBurney. It was announced 
that the committee had completed the preparation of specifications for gypsum 
plastering which, if approved by letter ballot of the committee, would be submitted 
to the Society for publication as tentative through Committee E-10 on Standards 
subsequent to the annual meeting. 


The report of Committee C-8 on Refractories was presented by the chair. The 
proposed Tentative Methods of Test for Cold Crushing Strength and Modulus of 
Rupture of Refractory Brick and Shapes, and the Definitions of Terms Relating to 
Alumina-Diaspore Refractories were accepted for publication as tentative. The 
Proposed Tentative Methods of Chemical Analysis of Refractory Materials (C 18 - 
37 T) were accepted for publication as tentative to replace the Standard Methods of 
Ultimate Chemical Analysis of Refractory Materials (C 18 —- 35), which were accord- 
ingly withdrawn. 

The Tentative Method of Panel Test for Resistance to Thermal and Structural 
Spalling of Super Duty Fireclay Brick (C 122 - 36 T) was approved for reference to 
letter ballot of the Society for adoption as standard. 

The tentative revisions of the Standard Definitions for Fireclay Refractories 
(C 27-35) were unanimously approved for reference to letter ballot of the Society 
for adoption as standard, this recommendation requiring a nine-tenths vote. The 
recommendation for adoption as standard of the Tentative Definitions of Terms 
Relating to Refractories (C 71 - 36 T) was discussed. It was announced that con- 
sideration had been given to these definitions as required by the regulations of the 
Society by Committee E-8 on Nomenclature and Definitions. As a result of certain 
questions concerning the definitions, the Advisory Committee of Committee E-8 asked 
that action on the adoption of the definitions be deferred, and on motion, the defini- 
tions were continued as tentative. 


A paper entitled “‘The Celite Type High-Temperature Thermal Conductivity 
Apparatus,” by C. E. Weinland, was presented by G. A. Downsbrough. 


The report of Committee C-10 on Hollow Masonry Building Units was pre- 
sented by the chairman, D. E. Parsons. In presenting this report Mr. Parsons 
announced that the proposal to merge Committee C-10 with Committee C-3 on 
Brick as a single standing committee on manufactured masonry units, had been 
approved by letter ballot of the committees. 

The proposed Tentative Specifications and Methods of Test for Concrete Units 
for Non-Load Bearing Masonry were accepted for publication as tentative. 
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ations A verbal progress report of Committee C-18 on Natural Building Stones and © 
| re Slate was presented by the secretary, H. S. Brightly. 
yption 
thods The meeting then adjourned till 1.30 p. m. 
NintH SESSION—WEDNESDAY, JUNE 30, 9.30 A. M. 
-xure, Fatigue, Effect of Temperature 
"(Held Simultaneously with Seventh and Eighth Sessions) ] 
J. W. Vice-President A. E. White in the chair. 
The report of the Joint Research Committee on Effect of Temperature on the 
J. W. Properties of Metals was presented by the chairman, H. J. French. The proposed 
revisions of the Tentative Method of Test for Short-Time High-Temperature Tension 
is for Tests of Metallic Materials (E 21 - 34 T), comprising changes in the tension test as 
anced given in Appendix I of the methods and the inclusion of an addendum on preparation 
psum of cast tension test specimens of heat-resistant metals were accepted, the method as 
itted revised being continued as tentative. In presenting the report Mr. French called 
dards upon J. G. Lowther to present the ‘Report on Long-Time Creep Tests of 18 per cent 
Chromium, 8 per cent Nickel Steel and 0.35 per cent Carbon Steel,” as a report to f 

Th the Joint Committee covering a sponsored research project catried out at Battelle 7 
i r Memorial Institute. Mr. French also called upon J. J. Kanter to present the paper fe 
" : by H. W. Gillett on ‘‘ Discrepancies in the Load-Carrying Abilities of Carbon Steels _ 

The at 850 F.,” which after presentation was discussed. 

8- The following papers were then presented by the respective authors and — | 
ds of discussed : 
cord- “A Comparison of the Methods Used for Interpreting Creep Test Data,” by © | | 

Joseph Marin. | 
tural “New Equipment for Creep Tests at Elevated Temperatures,” by P. G. McVetty. : 
ce to “The Relaxation of Copper at Normal and at Elevated Temperatures,” by 
John Boyd. a 
i Mr. H. H. Morgan then assumed the chair. 

The The report of the Research Committee on Fatigue of Metals was ‘presented by 7 
erms the chairman, H. F. Moore, and discussed. 
ral A paper entitled “A Fatigue Machine for Testing Metals at Elevated Temper- bd 
the atures,” by F. M. Howell and E. S. Howarth, was presented by Mr. Howarth and 
per discussed. 
ske 
sfini- A paper entitled “‘Fatigue Properties of Metals Used in Aircraft Construction at . 

3450 and 10,600 cycles,” by T. T. Oberg and J. B. Johnson, was presented by R. L. 
4 Templin and discussed. 
t 
a The meeting then adjourned till 1.30 p. m. 

pre- TENTH SESSION—WEDNESDAY, JUNE 30, 1.30 P. M. 
ye Steel, Wrought Iron, Metallography : 
een (Held Simultaneously with Eleventh Session) 

Mr. N. L. Mochel in the chair. . 
‘nits 


The report of Committee A-2 on Wrought Iron was presented by the chairman, 
J. B. Young. The proposed revisions of the Tentative Specifications for Wrought- 
Iron Plates (A 42 - 36 T), for Wrought-Iron Rivets and Rivet Rounds (A 152 - 36 T) 


a 
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SUMMARY OF PROCEEDINGS 


and for Single and Double Refined Wrought-Iron Bars (A 189 - 36 T) were accepted, 
the specifications as revised being continued as tentative. The proposed revisions 
of the Standard Specifications for Iron and Steel Chain (A 56-30), for Welded 
Wrought-Iron Pipe (A 72-33), for Wrought-Iron Rolled or Forged Blooms and 
Forgings (A 73 - 36), for Staybolt Wrought Iron, Solid (A 84-36), for Staybolt 
Wrought Iron, Hollow Rolled (A 86 — 36), for Uncoated Wrought-Iron Sheets (A 162 - 
36) and for Zinc-Coated (Galvanized) Wrought-Iron Sheets (A 163 — 36) were accepted 
for publication as tentative. 

It was announced that the committee had completed the preparation of new 
specifications for structural wrought-iron shapes and bars, and had prepared tenta- 
tive revisions of the Standard Specifications for Iron and Steel Chain (A 56 — 30), 
for Staybolt Wrought Iron, Solid (A 84 - 36) and for Staybolt Wrought Iron, Hollow 
Rolled (A 86-36), which, if approved by letter ballot of the committee would be 
submitted to the Society for publication as tentative through Committee E-10 on 
Standards subsequent to the annual meeting. 


14 


The report of Committee A-1 on Steel was presented by the chairman, H. H. 
Morgan. ‘The proposed Tentative Specifications for Seamless Intermediate Alloy 
Steel Still Tubes for Refinery Service, for Seamless Cold-Drawn Intermediate Alloy 
Steel Heat-Exchanger and Condenser Tubes, for Carbon-Silicon-Steel Plates of 
Ordinary Tensile Ranges for Fusion-Welded Boilers and Other Pressure Vessels, 
for Chrome-Manganese-Silicon (CMS) Alloy-Steel Plates for Boilers and Other 
Pressure Vessels, for Low-Carbon-Nickel Steel Plates for Boilers and Other Pressure 
Vessels, and for Molybdenum-Steel Plates for Boilers and Other Pressure Vessels, 
were accepted for publication as tentative. 

The proposed Tentative Specifications for Iron and Steel Filler Metal (Arc- 
Welding Electrodes and Gas-Welding Rods), which were prepared jointly by the 
American Welding Society and the A.S.T.M., were accepted for publication as ten- 
tative with the following change presented on the floor at the annual meeting: 
Section 14 (a).—Change from the form as preprinted to read as follows by the omission 

of the words in brackets: 


(a) [A.S.T.M. specification number and] Grade. 


The proposed revisions of the Standard Specifications for Structural Rivet Steel 
(A 141-36), for High Tensile Strength Carbon-Steel Plates for Pressure Vessels 
(Plates 2 in. and Under in Thickness) (A 149 — 36) and for High Tensile Strength 
Carbon-Steel Plates for Fusion-Welded Pressure Vessels (Plates over 2 in. to 4 in., 
inclusive, in Thickness) (A 150 - 36) were accepted for publication as tentative. 

The Tentative Specifications for Fabricated Steel Bar or Rod Mats for Concrete 
Reinforcement (A 184-36 T), for Welded Steel Wire Fabric for Concrete Reinforce- 
ment (A 185-36 T), for Forged or Rolled Steel Pipe Flanges for General Service 
(A 181-35 T), for Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler 
Tubes (A 178 - 35 T), for Seamless Low-Carbon-Steel Still Tubes for Refinery Service 
(A 161-35 T) and for Cold-Drawn-Steel Heat-Exchanger and Condenser Tubes 
(A 179 — 35 T) were approved for reference to letter ballot of the Society for adoption 
as standard. The withdrawal of the List of Specifications for Steel Suitable for 
Fusion Welding (A 151 - 35) was approved. 

It was announced that the committee had completed the preparation of a revision 
of the existing Tentative Specifications for Alloy-Steel Bolting Materials for High 
Pressure and Temperatures up to 1100 F. (A 193 - 36 T); also that it was planned to 
revise and recommend the reversion to tentative of the Standard Specifications fer 
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the submission as a new tentative specification for pipe of the carbon-molybdenum 
grade of steel, at present covered by these standard specifications. These recom- 
mendations, after approval by letter ballot of the committee, will be submitted to 
the Society for publication as tentative through Committee E-10 on Standards sub- 
sequent to the annual meeting. 


The report of the Research Committee on Yield Point of Structural Steel was 
presented by the chairman, M. O. Withey. Since this was the final report on the 
work of the research committee, on motion it was discharged with a vote of thanks. 
The following papers were presented by the respective authors and discussed: 
“Steel Structures Identified and Flaws Located by Means of Balancing Wave 
Tests,” by Carl Kinsley. 

“Weld Metal as an Engineering Material and Some Methods of Testing,” by 
L. J. Larson. 

“A Fundamental Study of the Design of Impact Test Specimens,” by H. C. 
Mann (presented from manuscript). 

The report of Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and _ ; 
Related Alloys was presented by the chairman, Jerome Strauss. 

The report of Committee E-4 on Metallography was presented by the chairman, — 
J. T. Norton. 

The meeting then adjourned till 4.15 p. m. 


ELEVENTH SESSION—WEDNESDAY, JUNE 30, 1.30 P. M. 
Petroleum Products, Electrical Insulating Materials, Rubber, Soap, Textiles 
(Held Simultaneously with Tenth Session) 


Vice-President T. G. Delbridge in the chair. 

The report of Committee D-2 on Petroleum Products and Lubricants was pre- 
sented by the chairman, T. A. Boyd. In presenting the report Mr. Boyd called on 
Mr. Geniesse to present the paper entitled ‘‘ Method for Kinematic 
Viscosity to Saybolt Universal Viscosity,” by C. E. Headington and J. C. Geniesse, 
which appeared as an appendix to the report. - 

The proposed Method of Test for Dropping Point of Lubricating Greases was ; : 


accepted for publication as information. The proposed Method of Test for Unsul- 
fonated Residue of Plant Spray Oils, with the following changes presented on the 
floor at the annual meeting subject to favorable letter ballot of Committee D-2,! 
was accepted for publication as information: 
Section 2 (a).—Change from the form as preprinted to read as follows by the addition 
of the italicized words: 
2. (a) Sulfuric Acid (37 N).—Prepare a 37 N sulfuric acid solution by A 
blending reagent-grade fuming and concentrated sulfuric acids to 98.61 per 
cent + 0.2 per cent H,SO, at a temperature of 59 F. (15 C.), to be determined by 
accurate titration. 


Section 3.—In Paragraph (a) of this section, change the word “standard” to read 
“ordinary” in describing the glass bottles used for holding the samples of oil. 
Change Paragraph (b) of this section to read as follows by the addition of the 
italicized words and the omission of the word in brackets: 
(b) Pipette—One 5-ml. pipette, precision grade, [especially] calibrated in 
the laboratory to deliver 5 ml. + 0.005 ml. of oil at 77 F. 


i This recommendation was submitted to letter ballot of Committee D-2 which consists of 84 members; 
70 members returned their ballots, of whom 49 voted affirmatively and 2 negatively. 7 
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16 SUMMARY OF PROCEEDINGS 


Change the first two sentences of Paragraph (d) of this section from the form as 

preprinted to read as follows by the addition of the italicized words and figures: 

The test bottles shall be made of a good quality glass and the preferred form 

shall conform to the dimensions given in Fig. 1. The capacity to base of neck 

shall be 45 ml. = 1.0 ml. As an alternative, the standard 64-in. 50-per-cent 
cream bottle may be used provided the same accuracy is maintained. 

Change the next to last sentence of Paragraph (d) from the form as preprinted to 
read as follows by the addition of the italicized words and figures and the 
omission of those in brackets: 

The graduation marks shall be clear and fine, not more than [0.1 mm. in 
thickness] 0.3 mm. in width. 

In Paragraph (f) of this section, change the second sentence from the form as pre- 
printed to read as follows by the addition of the italicized words and the 
omission of the words and figures in brackets: 

The preferred form of centrifuge shall have a diameter of swing (at the base 
of whirling bottles) [of 15 to 17 in.] sufficient to accommodate the test bottles without 

_ danger of interference when placed in opposite carriers, and a speed of 1000 r.p.m. 

In Paragraph (g) of this section change the expression ‘‘a mechanical shaker” to 
read ‘‘A preferred form of mechanical shaker.” 


Section 4.—In the description of the time of operation of the mechanical shaker in 
Paragraph (d) change the expression “‘for exactly 10 sec.” to read “‘for 10 sec.” 
In Paragraph (f) of this section change the first sentence from the form as pre- 
printed to read as follows by the addition of the italicized words: 
The test bottle shall then be removed from the water bath, and sufficient 
sulfuric acid (sp. gr. 1.84) added to raise the liquid level in the neck of the bottle 
to the 50 per cent mark, that is, the top graduation. 


The proposed Tentative Methods of Test for Kinematic Viscosity, with the 
following changes presented on the floor at the annual meeting subject to favorable 
letter ballot of Committee D-2,! were accepted for publication as tentative: 


Section 2 (b).—Under the details of the thermometer requirements, change the max- 
imum scale error from ‘0.05 F.” to read ‘0.10 F.”’; also change the paragraph 
on Standardization from the form as preprinted to read as follows by the addition 
of the italicized words and figures: 

STANDARDIZATION: The thermometers are to be standardized at the ice 

point, and at the viscosity point (100, 130, or 210 F.) for conditions of total 

_ immersion, expressed to the nearest 0.02 F. and such corrections are to be added to 
the observed reading. 


Fig. 1.—In the diagram of the suspended level viscosimeters designate the upper and 
lower detail drawings as “‘square shoulder” and “‘spherical shoulder,” respectively. 


Section 3 (a).—Change the expression “‘current of air” to read “current of clean 
dry air.” 


Section 4.—Change the definition of B as used in Eq. 1 from the form as preprinted 

_ to read as follows by the addition of the italicized words and figures and the 
omission of those in brackets: 

B = an experimental constant determined by the design of the viscosimeter. 

For [Ubbelohde] viscosimeters with capillary diameters of 0.75 mm. or larger, 

the value of this constant is 2.0 for Ubbelohde design and 1.0 for FitzSimons design; 


1 This recommendation was submitted to letter ballot of Committee D-2 which consists of 84 members; 
70 members returned their ballots, of whom 66 voted affirmatively and 0 negatively. 
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in the case of viscosimeters having capillary diameters less than 0.75 mm., the 
value of the constant shall be determined in accordance with Section 5 (0). 
{For FitzSimons’ modification the constant is 1.0.] 


Section 5.—In Paragraph (5) of this section change the second sentence from the form 
as preprinted to read as follows by the addition of the italicized words: 


In the case of the viscosimeter with square-shouldered outlet tube, the mean 


effective head varies with liquids of different surface tension. 
Add a new paragraph at the end of this section to read as follows: 


If a viscosimeter with spherical shoulders is used, the head does not vary 
with surface tension; therefore the multiplying constant is 1.000 instead of 1.0035. 


The proposed Tentative Method of Test for Conversion of Kinematic Viscosity 
to Saybolt Universal Viscosity was accepted for publication as tentative. 

The proposed Tentative Method of Test for Distillation of Plant Spray Oils, 
with the following change presented on the floor at the annual meeting subject to 
favorable letter ballot of Committee D-2,! was accepted for publication as tentative: 


Section 9 (f{).—In the first sentence of this section change the expression ‘‘at a con- 
stant temperature of 140 F. (60 C.)” to read “at a temperature of approximately 
140 F. (60 C.).” 

The proposed Tentative Method of Test for Vapor Pressure of Petroleum Products 
(Reid Method), which represents a revision and consolidation of the existing Tenta- 
tive Methods of Test for Vapor Pressure of Natural Gasoline (Reid Method) (D 323 - 
32 T) and Test for Vapor Pressure of Motor and Aviation Gasoline (Reid Method) 
(D 417-35 T), was accepted for publication as tentative. 

The proposed revision of the Tentative Method of Test for Knock Character- 


istics of Motor Fuels (D 357 —- 36 T) was accepted, the method as revised being con-— 


tinued as tentative. 

The proposed revision of the Tentative Standard Viscosity-Temperature Chart 
for Liquid Petroleum Products (D 341-32 T), which recommendation appeared in 
the report as preprinted, covering a viscosity range of 33 to 100,000,000 Saybolt 
Universal seconds and a temperature range of —30 to +450 F., was accepted. In 
addition the committee presented on the floor at the annual meeting a recommenda- 
tion for the following three additional viscosity-temperature charts of the ranges and 
temperatures indicated, which were accepted for publication as tentative, subject to 
favorable letter ballot of Committee D-2:2 


Abridged Saybolt Chart (83 by 11 in. in size): Viscosity range of 33 to 100,000 
seconds and a temperature range of —10 to +300 F. 

Kinematic Chart: Viscosity range of 2 to 20,000,000 centistokes and a tempera- 
ture range of —30 to +450 F. 

Kinematic Chart: Viscosity range of 0.4 to 100 centistokes and a temperature 
range of —30 to +450 F. 

The revisions presented for immediate adoption in the Standard Methods of 
Analysis of Grease (D 128 - 27) and Test for Melting Point of Paraffin Wax (D 87 — 22) 
were unanimously approved for reference to letter ballot of the Society for adoption 
as standard, this recommendation requiring a nine-tenths vote. 

The recommendation presented on the floor at the annual meeting that the 
following revisions be adopted in the Standard Method of Test for Gravity of Petroleum 


1This recommendation was submitted to letter ballot of Committee D-2 which consists of 84 members; 
70 members returned their ballots, of whom 50 voted affirmatively and 0 negatively. 

* This recommendation was submitted to letter ballot of Committee D-2 which consists of 84 members; 
70 members returned their + ae of whom 68 voted affirmatively and 1 a 
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and Petroleum Products by Means of the Hydrometer (D 287 - 36) was unanimously . 
approved for reference to letter ballot of the Society, subject to favorable letter - 38 
ballot of Committee D-2:! 


Section 3.—Change the second sentence to read as follows by the addition of the 
italicized words and the omission of those in brackets: 
It shall be of glass of the conventional constant mass and variable displace- 
ment type, with a [paper hand-written] scale of suitable material [printed in] 
_ clearly marked with black ink. 
In the eighth and ninth sentences omit the word “‘ paper” in the description of the 
_ hydrometer scale; also in the eighth sentence, substitute the word “marked” 
for “printed.” 


War 


Section 4 (b).—Change this section to read as follows by the addition of the italicized 
words and figures and the omission of those in brackets: mat 


(b) Thermometer for Thermo-hydrometer.—The thermometer incorporated 
in the thermo-hydrometer type of instrument shall [be of the paper scale type 
(scale to be placed in either the bulb or stem of the hydrometer) having] have a 
range of from 20 to 130° F. or 60 to 220° F. depending upon the range of the 
hydrometer. The [paper] temperature scale shall be graduated in 2° F. divisions 
accurate to +1° F. (Note) and, when located in the stem of the hydrometer, 
shall be [printed] marked in red ink to avoid any possibility of its being confused 
with the black gravity scale. 

The recommendation presented on the floor at the annual meeting that the 

t lowing revisions in the Standard Method of Test for Viscosity by Means of the 

Saybolt Viscosimeter (D 88 - 36) be accepted for publication as tentative was unani- 
-mously approved, subject to favorable letter ballot of Committee D-2:? 


Section 4 (c).—Change the note following this section to read as follows by the addition als 
of the italicized sentence: Co 
Note.—The plunger commonly supplied with the viscosimeter shall never 

be used on instruments maintained as standards. Jn case the flash point is less 

than 50 F. above the temperature of test, the wetting operation should be omitted in 


order to avoid an increase in viscosity due to evaporation of a portion of the light 
fraction. 


Section 4 (d).—After the first sentence add a new sentence to read as follows: 
In case the flash point is less than 50 F. (10 C.) above the temperature of 
test, the oil shall be heated to room temperature only. D 


A recommendation presented on the floor at the annual meeting for the publica- 
tion in the 1937 edition of the compilation of A.S.T.M. Standards for Petroleum fo 
Products and Lubricants of the Diesel Fuel Oil Classification, revised by the addition C 
of a provision that oils Nos. 1D, 3D, 4D and 5D shall be free from alkali and inorganic of 

— acid, was approved subject to favorable letter ballot of Committee D-2.% 


It was also announced that the committee had approved editorial changes in m 
the Standard Methods of Test for Distillation of Gasoline, Naphtha, Kerosine, and al 
_ Similar Petroleum Products (D 86-35), Test for Distillation of Natural Gasoline 
-(D 216 — 32), Test for Burning Quality of Kerosine Oils (D 187 — 36), Test for Burning 
1 This recommendation was submitted to letter ballot of Committee D-2 which consists of 84 members; 
70 members returned their ballots, all of whom voted affirmatively. 

2 This recommendation was submitted to letter ballot of Committee D-2, which consists of 84 members; 

70 members returned their ballots, of whom 68 voted affirmatively and 2 negatively. 


3 This recommendation was submitted to letter ballot of Committee D-2 which consists of 84 members; 
70 members returned their ballots, of whom 61 voted affirmatively and 1 negatively. 
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mously Quality of Minera] Seal Oil (D 239 — 30), Test for Dilution of Crankcase Oils (D 322 - 


letter -35) and Tentative Method of Test for Sulfur in Petroleum Oils by Lamp Method 
(D 90 - 34 T). 
of the The report of Sectional Committee Z11 on Petroleum Products and Lubricants 
was presented from manuscript by the chairman, T. A. Boyd. ' 
— A paper entitled “A Laboratory Channel Test for Gear Oils,” by J. P. Stewart, 
ed in| was presented by the author and discussed. 
of the An informal report of Committee D-15 on Thermometers and Laboratory Glass- 
rked” ware was presented by the chairman, W. H. Fulweiler. 
Past-President H. S. Vassar then assumed the chair. se 
Jicized The report of Committee D-11 on Rubber Products was presented by the chair- 
man, O. M. Hayden. The proposed Method for Air Pressure Heat Test was accepted 
— for publication as tentative with certain editorial changes presented on the floor at 
type the annual meeting. 
haere The proposed revisions of the T entative Methods of T est for Abrasion Resist- 
of the ance of Rubber Compounds (D 394 — 34 T), Test for Compression Set of Vulcanized 
slehaae Rubber (D 395 — 36 T), Specifications for Insulated Wire and Cable: Class AO, 30 
amren per cent Hevea Rubber Compound (D 27 — 36 T), and for Insulated Wire and Cable: 
“a ed Performance Rubber Compound (D 353-36 T) were accepted, the methods and 
specifications as revised being continued as tentative. The withdrawal of the Ten- 
tative Specifications for Insulated Wire and Cable: Class A, 30 per cent Hevea Rub- 
at. the ber Compound (D 393 — 34 T) was approved. ‘ 
of the It was announced that the committee had completed the preparation of pro- 
anani- posed Methods of Test for Hose which represented a revision and consolidation of the 
existing Standard Methods of Test for Rubber Hose (D 380 — 36) and (D 379 — 36); 
dition also that a tentative revision had been prepared of the Standard Specifications for 
Cotton Rubber-Lined Fire Hose for Public and Private Fire Department Use 
ae (D 296-35). The committee had also prepared new specifications for rubber gloves, 
Be ane a new method of test for change of properties of rubber in liquids, and changes in 


alt de the wire specifications. These recommendations, if approved by letter ballot of the 

» Light committee, would be submitted to the Society for publication as tentative through 
Committee E-10 on Standards subsequent to the annual meeting. 

The report of Committee D-12 on Soaps and Detergents was presented by the 

chairman, H. B. Trevithick. The proposed Methods of Chemical Analysis of Sul- 


are of fonated (Sulfated) Oils with editorial changes, and of Chemical Analysis of Special 
Detergents were accepted for publication as information. 
blica- The proposed Tentative Specifications for Milled Toilet Soap, for Caustic Soda, 
oleum for Modified Soda (Sesquicarbonate Type), for Soda Ash, Methods of Sampling and 
dition Chemical Analysis of Soaps and Soap Products with editorial changes, and Definitions 
ganic of Terms Relating to Soaps and Detergents were accepted for publication as tentative. 
The report of Committee D-13 on Textile Materials was presented by the chair- 
yes in man, H. J. Ball. The proposed Tentative Methods of Test for Wool Felt, Testing 
, and and Tolerances for Certain Wool and Part Wool Fabrics and Test for Volumetric 
soline Determination of Small Amounts of Copper in Textiles were accepted for publication 
rning as tentative. The proposed new Standard Specifications and Methods of Test for 
_ Tire Fabrics Other than Cord Fabrics recommended for immediate adoption as a 7 
revision of and to replace the existing Standards D 122 — 33, D 316 - 34.and-D 336 — 33 . 
nr were unanimously approved for reference to letter ballot of the Society for adoption - 
mba as standard, this recommendation requiring a nine-tenths vote. The withdrawal of : 
the Standard Methods of Testing and Tolerances for Tire Fabrics Other than Cord 
3 
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Fabrics (D 122 - 33), Specifications and Methods of Test for Chafer Tire Fabrics 
(D 316 — 34) and for Enameling Duck for the Tire Industry (D 336 - 33) was approved, 

The proposed revisions of the Tentative Definitions and Terms Relating to Tex. 
tile Materials (D 123 - 36 T), Methods of Testing and Tolerances for Rayon (D 258 - 
35 T), Methods for the Identification of Fibers in Textiles and for the Quantitative 
Analysis of Textiles (D 276 - 35 T), General Methods of Test for Properties of Cotton 
Fibers (D 414-35 T) and Methods of Testing Pile Floor Covering (D 418 - 36 T) 
were accepted, the definitions and methods of test as revised being continued as 
tentative. 

The proposed revision of the Standard General Methods of Testing Woven 
Textile Fabrics (D 39 - 36) was accepted for publication as tentative. The revisions 
proposed for immediate adoption in the Standard Specifications for Textile Testing 
Machines (D 76 — 36), General Methods of Testing and Tolerances for Cotton Yarns 
and Threads (D 180-36), Specifications and Methods of Test for Asbestos Yarns 
(D 299 - 36), for Asbestos Roving for Electrical Purposes (D 375 - 36) and for Asbestos 
Tape for Electrical Purposes (D 315 —- 36) were unanimously approved for reference 
to letter ballot of the Society for adoption as standard, this recommendation requiring 
a nine-tenths vote. 

The Tentative Methods of Test for Fineness of Wool (D 419-35 T), Test for 
Fastness of Dyed or Printed Cotton Fabrics to Laundering or Domestic Washing 
(D 435 - 36 T), Test for Fastness of Dyed or Printed Silk or Rayon Fabrics to Launder- 
ing or Domestic Washing (D 436 - 36 T) and Test for Small Amounts of Copper and 
Manganese in Textiles (D 377 — 36 T), with revisions in the latter three methods, were 
approved for reference to letter ballot of the Society for adoption as standard. 


The report of Committee D-9 on Electrical Insulating Materials was presented 
by the chairman, T. Smith Taylor. The proposed revisions of the Standard Methods 
of Testing Electrical Porcelain (D 116-34) and Test for Resistivity of Insulating 
Materials (D 257 - 33), the latter in the form of extensively revised methods, were 
accepted for publication as tentative. 

The proposed revisions of the Tentative Methods of Testing Solid Filling and 
Treating Compounds Used for Electrical Insulation (D 176-36 T), Testing Sheet 
and Plate Materials Used in Electrical Insulation (D 229 —- 36 T), Testing Varnished 
Cloths and Varnished Cloth Tapes Used in Electrical Insulation (D 295 - 36 T), 
Testing Flexible Varnished Tubing Used for Electrical Insulation (D 350-35 T), 
Testing Shellac Used for Electrical Insulation (D 411-35 T), Specifications for 
Flexible Varnished Tubing Used in Electrical Insulation (D 372-35 T) and for 
Black Bias-Cut Varnished Cloth Tape Used for Electrical Insulation (D 373 - 36 T) 
were accepted, the methods and specifications as revised being continued as tentative. 
The tentative revision of the Standard Methods of Testing Molded Materials Used 
for Electrical Insulation (D 48 - 33) was unanimously approved for reference to letter 
ballot of the Society for adoption as standard, this recommendation requiring a 
nine-tenths vote. 


A paper entitled “Determination of the Edge Correction in the Measurement 
of Dielectric Constant,” by Arnold H. Scott, was presented by H. L. Curtis. 

The meeting then adjourned till 4.15 p. m. 


TWELFTH SESSION—WEDNESDAY, JUNE 30, 4.15 P. 
Edgar Marburg Lecture 
President Arno C. Fieldner in the chair. 


President Fieldner in opening the session devoted to the Edgar Marburg Lecture 
summarized briefly the purpose and double significance of the lecture instituted in 
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1926, namely, to commemorate annually the name of the first Secretary-Treasurer 
of the Society, Dr. Edgar Marburg, and to bring to the Society valuable expositions 
on notable developments in engineering and the sciences. In paying a brief tribute 
to Edgar Marburg for his part in furthering the knowledge of engineering materials, 
President Fieldner referred particularly to his initiative and foresight at the time of ° 
the organization of the Society, which has made it such a valuable source for accurate 

technical information on the characteristics of engineering materials, made possible 

by continued research and investigative studies. ; 

The President then introduced the twelfth Edgar Marburg Lecturer, Dr. T. 
Smith Taylor, Manager, Engineering Laboratory and Experimental Laboratory, Diehl 
Manufacturing Co., who had selected as the subject of the lecture “Plastics: Some 
Applications and Methods of Testing.” Doctor Taylor presented a comprehensive 
survey of those materials which in industry are termed “plastics,” including shellac, 
rubber, synthetic resins, casein products, and cellulose derivatives. In describing 
these newer materials which are finding increasing engineering applications, Doctor 
Taylor pointed out that plastics and plastic compounds occupy a very important 
place in everyday life and promise, through continued research, to be of ever-increasing 
value to civilization. He discussed the nature of such materials according to their 
origin, which divides them into two groups: natural and synthetic; also the types 
of plastics from the standpoint of the effects of heat upon them, namely, the thermo- 
plastics or heat-non-convertible materials, and the thermo-setting or thermo-hardening 
substances. He considered in detail the nature, properties and applications of a 
number of plastic materials, such as rubber, shellac, cold-molded plastics, various 
types of cellulose plastics, including nitrate, and acetate, and ethyl cellulose plastics; 
also phenol-formaldehyde plastics, cast plastics, urea-formaldehyde plastics, furfural- 
phenol resins, vinyl resins, acrylic resin, cumarone resin, polystyrene, and casein 
plastics. He discussed briefly methods of testing these materials, with particular 
consideration to the development of the tension test for molded compounds. In 
discussing the subject of testing, a field in which much remains to be accomplished 
in the standardization of satisfactory procedures for obtaining authoritative informa- 
tion on the properties and availability of plastic materials, he advocated an intelligent 
interpretation as to the significance of test results on the part of both the consumer 
and the purchaser in the interest of obtaining improved and cheaper products. 

President Fieldner in expressing appreciation to Doctor Taylor for his instructive 
and interesting lecture on a subject of timely interest to the Society, presented to him, 
on behalf of the Society, the Edgar Marburg Lecture Certificate. 


am, 


President Fieldner then recognized W. H. Fulweiler, chairman of the Committee 
on Award of the Charles B. Dudley Medal. Mr. Fulweiler presented as the recipient 
of the 1937 Award of the Dudley Medal Messrs. W. H. Swanger and G. F. Wohlgemuth 
for a paper under their joint authorship entitled “Failure of Heat-Treated Steel Wire 
in Cables of the Mt. Hope, R. I., Suspension Bridge,” presented at the 1936 annual 
meeting of the Society and considered by the committee as a paper of outstanding 
merit constituting an original contribution on research in engineering materials. 

On behalf of and as the representative of the Society, President Fieldner then 
made the eleventh award of the Charles B. Dudley medal to Messrs. Swanger and 
Wohlgemuth. 

In accepting the medal on behalf of Mr. Wohlgemuth and himself, Mr. Swanger i 
expressed appreciation of the award as follows: 7 

‘‘Mr. Wohlgemuth and I wish to express our sincere appreciation of the honor 
conferred by the award of the Charles B. Dudley Medal. Although personally 
the recipients of these medals, we feel that the award is a valued recognition of 
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the work accomplished by the organization of which we are members. In accepting 
this award we make grateful acknowledgment of the active cooperation and 
helpful advice received from many members of the staff of the National Bureau 
of Standards and others concerning the problem, mention of whom has been 
made in our paper. We are highly gratified to be admitted into that distin- 
guished group of those who have preceded us as recipients of the Charles B. 
Dudley Medal. We thank you.” 


THIRTEENTH SESSION—TuHURSDAY, JULY 1, 9.30 A. M. 
Timber, Naval Stores, Fire Tests 
(Held Simultaneously with Fourteenth and Fifteenth Sessions) 
Past-President Hermann von Schrenk in the chair. 


The report of Committee D-17 on Naval Stores was presented by the chairman, 
F. P. Veitch. The proposed Tentative Method of Test for Acid Number of Rosin, and 
Test for Saponification Number of Rosin were accepted for publication as tentative, 


A paper entitled ‘The Composition of American Steam-Distilled Wood Turpen- 
tine and a Method for Its Identification,” by T. C. Chadwick and S. Palkin, was 
presented from manuscript by Mr. Chadwick. 


The report of Committee D-7 on Timber was presented by the chairman, Hermann 
von Schrenk. The proposed Tentative Method of Test for Tar Acids in Creosote 
and Creosote — Coal Tar Solutions was accepted for publication as tentative. The 
Tentative Specifications for Timber Piles (D 25-35 T) and for Structural Wood 
Joist and Plank, Beams and Stringers, Posts and Timbers (D 245 — 36 T) were approved 
for reference to letter ballot of the Society for adoption as standard. 


A paper entitled ‘The Mechanical Properties of Balsa Wood,” by Jasper O. 
Draffin and C. W. Muhlenbruch, was presented by Mr. Muhlenbruch and discussed. 


The report of Committee C-5 on Fire Tests of Materials and Construction was 
presented by the chairman, R. P. Miller. The recommendation for publishing as 
tentative the proposed Specifications for Fire-Retardant Properties of Wood for 
Scaffolding and Shoring was discussed. A motion to refer these proposed specifica- 
tions back to the committee for further consideration failed to carry. On motion. 
the proposed specifications were then accepted for publication as tentative. 


The meeting then adjourned till 2 p. m. 
FOURTEENTH SESSION—THURSDAY, JULY 1, 9.30 A.M. 


Cement and Concrete _ 
(Held Simultaneously with Thirteenth and Fifteenth Sessions) 
Mr. F. E. Richart in the chair. 


The report of Committee C-1 on Cement was presented by the chairman, P. H. 
Bates. A motion for the acceptance as tentative of the proposed Specifications for 
Blended Cements failed to receive the necessary two-thirds vote of those voting at 
the session, the results of the vote being 15 affirmative, and 13 negative. 

The proposed revisions of the Tentative Method of Test for Compressive 
Strength of Portland-Cement Mortars (C 109-34 T) and the new procedures for 
determining manganese and phosphorus in cement for inclusion in the revised Tenta- 
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tive Method of Chemical Analysis of Portland Cement (C 114-35 T) were accepted, 
the methods as revised being continued as tentative. 

The revisions proposed for immediate adoption in the Standard Specifications 
for Portland Cement (C 9-30) and for Natural Cement (C 10-09), the latter in 
the form of cumpletely revised specifications, were unanimously approved for reference 
to letter ballot of the Society for adoption as standard, this recommendation requiring 
a nine-tenths vote. The adoption as standard of Sections 1 to 10, with editorial — 
modifications, of the Tentative Method of Chemical Analysis of Portland Cement — 
(C 114-35 T) was approved for reference to letter ballot of the Society. 


A paper entitled “Tricalcium Aluminate and the Microstructure of Portland 
Cement Clinker,” by Levi 5. Brown, was presented by the author. 


The report of Committee C-9 on Concrete and Concrete Aggregates was pre- 
sented by the vice-chairman, Stanton Walker. 

The proposed Tentative Specifications for Lightweight Aggregate for Concrete 
were accepted for publication as tentative, with the following additional changes 
presented on the floor at the annual meeting, subject to favorable letter ballot of 
Committee C-9:! 


Section 2 (a).—Change from the form as preprinted to read as follows by the addition 

of the italicized words: 
2. (a) Lightweight aggregates shall consist of pumice, lava, tufa, slag, 

burned clay, burned shale, cinders derived from the high-temperature combustion — 
of coal or coke showing a loss on ignition of not more than 25 per cent (40 per 
cent) and volatile matter of not more than 5 per cent, or, subject to approval by 
the engineer, other material having strong, durable particles and conforming to 
the requirements of these specifications. 


Section 4.—Change from its form as preprinted: namely, 

4. Lightweight aggregate meeting the grading requirements of these speci- 
fications when tested in a dry condition shall conform to the following minimum 
weight requirements: 

Unit WEIGHT, 
LB. PER CU. FT, 


aggregate 
Coarse aggregate 


“See Note under Section 1. 
to read as follows: 


4. Lightweight aggregate meeting the grading requirements of these speci- 
fications when tested in a dry condition shall conform to the following weight 
requirements: 


Unit WEIGHT, 
LB. PER CU. FT. 


] Fine aggregate, not more than 
Coarse aggregate, not more than 


@ Heavier aggregate may be permitted when lightweight aggregates meeting the above requirements are 
not economically available and the higher weight of concrete resulting from their use is permissible. 


1 This recommendation was submitted to letter ballot of Committee C-9, which consists of 60 members; 
41 members returned their ballots, of whom 38 voted affirmatively and 1 negatively. 
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Section 5 (a).—Change the first sentence from the form as preprinted to read as 
follows by the addition of the italicized words and figures: 

5. (a) Lightweight aggregate shall be of such quality that when made 
into a mortar and subjected to the mortar strength test (Section 9 (d)) it shall 
develop a compressive strength at 7 or 28 days of not less than 70 per cent (or, 
for concrete not exposed to wear or weather, 60 per cent), of that developed by a 
mortar prepared in the same manner, with the same cement, and the graded 
Ottawa sand described in Paragraph (6). 


The proposed Tentative Method of Test for Abrasion of Coarse Aggregate by 
Use of the Los Angeles Machine was accepted for publication as tentative with a 
change in Section 3 of the methods as preprinted to provide for the use of cast iron 
or steel spheres as the abrasive charge in the test, subject to favorable letter ballot of 
Committee C-9.1. The proposed revision of the Tentative Specifications for Con- 
crete Aggregates (C 33 - 36 T) was accepted, the specifications as revised being con- 
tinued as tentative. 

The proposed Tentative Method of Test for Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate which represents a revision and consolidation 
of the existing Tentative Methods of Test for Soundness of Fine Aggregates by Use 
of Sodium Sulfate or Magnesium Sulfate (C 88-35 T) and for Soundness of Coarse 
Aggregates by Use of Sodium Sulfate or Magnesium Sulfate (C 89-35 T), was 
accepted for publication as tentative with the following additional changes presented 
on the floor at the annual meeting, subject to favorable letter ballot of Committee C-9.? 


Section 2 (c).—Change the Note following this section from its form as preprinted 
to read as follows: 


Note.—No standard form of container is recommended since different practices 
will be most convenient in various laboratories. The committee has had presented to 
it data indicating that the type of container may affect the results in some degree, but 
these data are not sufficiently comprehensive to permit of specifying a particular type. 
Two general methods of immersion have been used as follows: 

(1) Each sample placed in a water-tight container and covered with the sodium 
sulfate or magnesium sulfate solution. 

(2) Each sample placed in a container with a wire mesh or perforated bottom 
(depending upon size of particles being tested) and immersed in a vat containing the 
sodium sulfate or magnesium sulfate solution. Care should be taken to prevent loss 
by flotation if uncovered containers are submerged. If nested sieves are used, a pan 
should be inserted between sieves to prevent loss of material from one sieve to another. 


Section 3.—Change the Note following Paragraph (a) of this section from its form 
as preprinted to read as follows: 


Note.—For the solution, 215 g. of anhydrous salt or 485 g. of the decahydrate per 
liter of water are sufficient for saturation at 22 C. However, since these salts are not 
completely stable and since it is desirable that an excess of crystals be present, the use 
of not less than 350 g. of the anhydrous salt or 500 g. of the hydrous salt per liter of 
water is recommended. 


_ Change the Note following Paragraph (6) of Section 3 from its form as preprinted 
to read as follows: 


Note.—For the solution, 350 g. of anhydrous salt or 725 g. of the heptahydrate 
per liter of water are sufficient for saturation at 23 C. However, since these salts are 


1 This recommendation was submitted to letter ballot of Committee C-9, which consists of 60 members, 
41 members returned their ballots, of whom 39 voted affirmatively and 0 negatively. 
* This recommendation was submitted to letter ballot of Committee C-9, which consists of 60 members; 
41 members returned their ballots, of whom 39 voted affirmatively and 1 negatively. 
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not completely stable, with the hydrous salt being the more stable of the two, and 
since it is destrable that an excess of crystals be present, it is recommended that the 
hydrous salt be used and in an amount of not less than 800 g. per liter of water. 
Section 6.—Change the last sentence from its form as preprinted to read as follows 
by the omission of the words in brackets: 
The samples immersed in the [sodium sulfate] solution shall be maintained 
at a temperature of 21 C. = 1 C. (70 F. » 2 F.) for the 18-hr. period. 


The proposed revisions of the Standard Methods of Making and Storing Compres- 
sion Test Specimens of Concrete in the Field (C 31-33), Specifications for Curing 
Portland-Cement Concrete Slabs with Calcium-Chloride Admixture (C 82 - 34) and 
for Curing Portland-Cement Concrete Slabs by Surface Application of Calcium 
Chloride (C 83 - 36) were accepted for publication as tentative. 

The proposed revisions of the Standard Specifications for Ready Mixed Concrete 
(C 94-35), with an editorial change presented on the floor at the annual meeting, 
were accepted for publication as tentative. 

The Tentative Method of Test for Determination of Amount of Material Finer 
than No. 200 Sieve in Aggregates (C 117 - 35 T) was approved for reference to letter 
ballot of the Society for adoption as standard, on the recommendation presented 
jointly by Committee C-9 and Committee D-4 on Road and Paving Materials, to 
replace the existing Standard Methods of Test for Quantity of Clay and Silt in Gravel — 
for Highway Construction (D 72-21) and of Decantation Test for Sand and Other | 
Fine Aggregates (D 136 - 28), which standard methods were accordingly withdrawn. 

The Tentative Method of Test for Determination of Voids in Coarse Aggregate | 
for Concrete (Dry Rodded) (C 30-35 T) was approved for reference to letter ballot 
of the Society for adoption as standard. 

The withdrawal of the Standard Methods of Test for Absorption by Aggregates _ 
for Concrete (Laboratory Determinations) (C 95 - 36) and Field Test for Absorption | 
of Mixing Water by Aggregates for Concrete (C 96 — 36) was approved. 

In presenting the report Mr. Walker called on H. W. Leavitt to present from 
manuscript a report on “A Study of Plastic Mortar Cubes,” submitted by Subcom- 
mittee XI on Evaluation of Data, which was accepted for publication, subject to 
approval of Committee E-6 on Papers and Publications. 


Mr. H. F. Gonnerman then assumed the chair. 


The report of Committee C-13 on Concrete Pipe was presented by the chairman, 
E. F. Kelly. The Tentative Specifications for Reinforced-Concrete Culvert Pipe 
(C 76-35 T), as revised, were approved for reference to letter ballot of the Society 
for adoption as standard. : 
A paper entitled ‘‘ Plastic Flow and Volume Changes of Concrete,” by Raymond _ 
E. Davis, Harmer E. Davis and Elwood H. Brown, was presented from manuscript —__ 
by Raymond E. Davis and discussed. 
A paper entitled “‘Some Tests to Show the Effect of Freezing on the Permeability, _ 
Strength, and Elasticity of Concretes and Mortars,” by Herbert H. Scofield, was 
presented by title. 


An informal report of the Joint Committee on Standard Specifications for Con- — 
crete and Reinforced Concrete in the absence of the chairman, A. E. Lindau, was 


presented by the Secretary-Treasurer, C. L. Warwick. Oo 
The meeting then adjourned till 2 p. m. = 
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FIFTEENTH SESSION—THURSDAY, JULY 1, 9.30 A. M. ! 
Corrosion 
(Held Simultaneously with Thirteenth and Fourteenth Sessions) : 
Messrs. F. N. Speller and R. J. McKay, co-chairmen. © by R 
The report of Committee A-5 on Corrosion of Iron and Steel was presented by 
the chairman, F. F. Farnsworth. In presenting the report, Mr. Farnsworth called Conc 
on R. F. Passano to present the report of Subcommittee VIII on Field Tests of Metallic isc 


Coatings, including a detailed report of the field tests on wire and wire products, and 
on L. W. Hopkins to describe the activities of Subcommittee VII on Methods of 
Testing. 

The proposed revisions of the Standard Specifications for Zinc-Coated (Galvan- 
ized) Iron or Steel Farm-Field and Railroad Right-of-Way Wire Fencing (A 116 — 30) 
and for Zinc-Coated (Galvanized) Iron or Steel Barbed Wire (A 121 — 30), in the form 
of completely revised specifications, were accepted for publication as tentative. 

The report of Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys 
was presented by the chairman, T. S. Fuller. 

A paper entitled “Corrosion Testing Methods for Copper Alloys,” by D. K. 
Crampton and N. W. Mitchell, was presented by Mr. Mitchell and discussed. 

Mr. Speller before introducing the Discussion on Corrosion Testing Procedures, 
which was a continuation of that held in conjunction with the symposium on this 
subject at the Chicago Regional Meeting of the Society on March 2, called attention 
to the fact that this subject was of world-wide interest as evidenced by the considera- 
tions given to corrosion and corrosion‘ testing at the conference in London at the 
meeting of the International Association for Testing Materials. 

Mr. Speller then introduced L. W. Hopkins, who presented a Digest of the papers 
and discussions presented at the Chicago‘meeting in order to open the discussion on 
the subject. The meeting was then thrown open for general discussion, and the authors 
of the original papers were called upon for concluding remarks in response to the 
discussion submitted. 


The meeting then adjourned till 2 p. m. _ 
SIXTEENTH SESSION—THUuRSDAY, JULY 1, 2 P.M. 
Water 


(Held Simultaneously with Seventeenth Session) 
Mr. A. H. White in the chair. 
The report of Committee D-19 on Water for Industrial Uses was presented by 
the chairman, Max Hecht. 


Mr. S. F. Acree then discussed ‘‘The Need for pH Standards,” which subject 
was then opened for general discussion. 

A paper entitled “Technique in the Determination of Dissolved Oxygen,” by 
T. H. Daugherty, was presented by the author and discussed. 

An informal progress report of the Joint Research Committee on Boiler Feed- 
water Studies! was presented from manuscript by the chairman, C. H. Fellows. 
1 Published in ASTM BuLLetIN, August, 1937. 
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A paper entitled ‘A Thermodynamic and Colloidal Interpretation of Published 
Studies on the Corrosion Cracking of Stressed Mild Steel in Water Solutions,” ‘by 
J. A. Tajc, was presented by the author and discussed. 

A paper entitled ‘Determination of Hardness in Water by Direct Titration,” 
by R. T. Sheen and C. A. Noll, was presented by Mr. Sheen and discussed. 

A paper entitled ‘‘Some Applications of the Polarizing Microscope to Water- 
Conditioning Problems,” by Everett P. Partridge, was presented by the author and 
liscussed. 


The meeting then adjourned till the following morning. _ 


SEVENTEENTH SESSION—THuRSDAY, JULY 1, 2 P.M. 
Methods of Testing 
(Held Simultaneously with Sixteenth Session) * 

Past-President H. F. Moore in the chair. 

The report of Committee E-1 on Methods of Testing was presented by J. R. 
fownsend. A report on testing of thin sheet metals, presented on the floor at the 
nnual meeting for publication, was accepted subject to favorable letter ballot of 
Committee E-1 and to approval by Committee E-6 on Papers and Publications. 

It was announced that the committee had approved an editorial change in the 
title of the Tentative Method of Test for Softening Point by Ring-and-Ball Apparatus 
E 28 - 36 T) changing this to read ‘‘ Tentative Method of Test for Softening Point 
y Tapered Ring Apparatus.” It was also announced that the committee had com- 
pleted revised definitions for the terms consistency, plasticity and related properties, 

sa revision of the Tentative Definitions of Terms Consistency and Plasticity (E 24 — 
344T) which, if approved by letter ballot of the committee, would be submitted to the 
Society for publication as tentative through Committee E-10 on Standards subse- 
juent to the annual meeting. 


The following papers were then presented and discussed: 


“A Classification of Methods of Mechanical Analysis of Particulate Materials,” 
by Paul S. Roller presented by L. T. Work. 


“The Cement Reference Laboratory,’ by J. R. Dwyer. 
“Analysis of the Brinell Hardness Test,” by R. H. Heyer. 


‘Measuring Elastic Drift,” by Robert W. Carson. 


“Improvement in the Adaptability of the Tuckerman Strain Gage,” by L. A. 
Meisse. 


“Speed Control for Screw-Power Testing Machines Driven by Direct-Current 
Motors,”? by A. H. Stang and L. R. Sweetman, presented by Mr. Stang. 

“Dynamic Tests by Means of Induced Vibrations,” by Rudolf K. Bernhard 
The subject covered by the paper was illustrated by motion pictures. 


The meeting then adjourned till the following morning. 
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SUMMARY OF PROCEEDINGS 


_ EIGHTEENTH SESSION—FripAy, JuLy 2, 9 30 A. M. 
Cast Iron 
(Held Simultaneously with Nineteenth Session) 
_ Mr. Hyman Bornstein in the chair. 


The report of Committee A-3 on Cast Iron was presented by the secretary, 
H. C. Aufderhaar. 

The report of Committee A-7 on Malleable Iron Castings was presented by 
the chairman, E. K. Smith. 


The following papers were then presented and discussed: 


| “The Tensile Strength of Cast Iron,” by J. O. Draffin and W. L. Collins, pre- 
sented from manuscript by Mr Collins. 


“A Study of the Effect of Span on the Transverse Test Results for Cast Iron,” 
by J. T. MacKenzie and C. K Donoho, presented by Mr. Donoho. 


“Relation of Properties of Cast Iron to Thickness of Castings,” by H. L. Camp- 
bell, presented by J. T. MacKenzie. 


“A Proposed Standard Classification of Graphite in Gray Cast Iron,” by W. E 
Mahin and J. W. Hamilton, presented by Mr. Mahin. 


The meeting then adjourned. 


NINETEENTH SESSION—FRIDAY, JULY 2, 9.30 A. M. 
Non-Ferrous Metals 
(Held Simultaneously with Eighteenth Session) + 
W. R. Webster in the chair. 


The report of Committee B-1 on Copper and Copper Alloy Wires for Electrical 
Conductors was presented by the chair. The proposed revisions of the Tentative 
Specifications for Hard-Drawn Copper Alloy Wires for Electrical Conductors (B 105- 
36 T) were accepted, the specifications as revised being continued as tentative. The 
revisions proposed for immediate adoption in the Standard Specifications foz Bronze 
Trolley Wire (B 9-36) and for Copper Trolley Wire (B 47 - 36) were unanimously 
approved for reference to letter ballot of the Society for adoption as standard, this 
recommendation requiring a nine-tenths vote. 


The report of Committee B-2 on Non-Ferrous Metals and Alloys was presented 
by the secretary, E.E. Thum. The proposed revision of the Standard Specifications 
for Rolled Zinc (B 69-29) in the form of completely revised specifications were 
accepted for publication .s tentative. The tentative revision of the Standard Speci- 
fications for Slab Zinc (Spelter) (B 6-33) was unanimously approved for reference 
to letter ballot of the Society for adoption as standard, this recommendation requiring 
a nine-tenths vote. A brief summary of the subcommittee activiti- of Committee B-2 
was presented for inclusion in the report. 


A paper entitled ‘‘Fatigue Properties of Non-Ferrous Sheet Metals,” by C. H. 


Greenall and G. R. Gohn, was presented by Mr. Greenall and discussed. 
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FoRTIETH ANNUAL MEETING 


The report of Committee B-4 on Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys was presented by the chairman, Dean Harvey, and accepted 
for publication subject to favorable letter ballot of the committee.1 After presenta- 
tion, the report was discussed. The proposed revision of the Tentative Method of 
Test for Flexivity of Thermoflex (Thermostatic Metals) (B 106-36 T) was accepted, 
the method as revised being continued as tentative, subject to favorable letter ballot 
of Committee B-4.? 


A paper entitled “‘The Stiffness or Flexure Test,” by H. L. MacBride, was pre- 
sented by the author and discussed. 


The report of Committee B-5 was presented by the secretary, D. K. Crampton. 
The proposed Tentative Specifications for Copper and Copper-Alloy Seamless Con- 
denser Tubes and Ferrule Stock were accepted for publication as tentative to replace 
the existing Standard Specifications B 44 —- 33, B 56 - 33 and Tentative Specifications 
B 104-36 T. The withdrawal of the Standard Specifications for Seamless Admiralty 
Condenser Tubes and Ferrule Stock (B 44 — 33), for Seamless 70-30 Brass Condenser 
Tubes and Ferrule Stock (B 55-33), for Seamless Muntz Metal Condenser Tubes 
and Ferrule Stock (B 56-33) and Tentative Specifications for Seamless Copper- 
Nickel Alloy Condenser Tubes and Ferrule Stock (B 104-36 T) was approved. 
The proposed revision of the Tentative Specifications for Copper-Silicon Alloy Wire 
for General Purposes (B 99 —- 36 T) was accepted, the specifications as revised being 
continued as tentative. 


The report of Committee B-6 on Die-Cast Metals and Alloys was presented by 
the chairman, J. R. Townsend. The proposed revisions of the Tentative Speci- 
fications for Aluminum-Base Alloy Die Castings (B 85-33 T) and for Magnesium- 
Base Alloy Die Castings (B 94-34 T) were accepted, the specifications as revised 
being continued as tentative. A paper entitled ‘Brass Die Castings,” by J. C. Fox, 
to appear as an appendix to the report of Committee B-6, was presented from manu- 
script by the author. A paper entitled “A Study of Die Design Changes for the Im- 
provement of the Soundness and Uniformity of Test Bars,” by G. L. Werley, which 
is also to appear as an appendix to the report, was presented from manuscript by 
the author. 


The report of Committee B-7 on Light Metals and Alloys, Cast and Wrought, 
was presented by the chairman, Sam Tour. In presenting the report Mr. Tour 
called attention to a report on “Modulus of Elasticity of Aluminum Alloys,” by 
R. L. Templin and Sam Tour, to be appended to the report, and also a Report on 
Methods of Testing Oxide Coatings on Aluminum, by Junius D. Edwards, appended 
to the report. 

The proposed Tentative Specifications for Aluminum-Base Alloys in Ingot 
Form for Permanent Mold Castings were accepted for publication as tentative with 
the proposed deletion of Table II on precision requirements for methods of chemical 
analysis presented on the floor at the annual meeting, subject to favorable letter 
ballot of Committee B-7.2_ The proposed revision of the Tentative Specifications for 
Aluminum-Base Sand-Casting Alloys in Ingot Form (B 58 - 33 T) was accepted, the 
specifications as revised being continued as tentative, with the proposed deletion 


! The report was submitted to letter ballot of Committee B-4 which consists of 44 members; 31 members 
returned their ballots, all of whom voted affirmatively. 
The proposed revision was submitted to letter ballot of Committee B-4 which consists of 44 members; 
31 members returned their ballots, of whom 26 voted affirmatively and 0 negatively. E 
* This recommendation was submitted to letter ballot of Committee B-7, which consists of 41 members; 
33 members returned their ballots, of whom 28 voted affirmatively and 0 negatively. 
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of Table II on precision requirements for methods of chemical analysis, presented 
on the floor at the annual meeting, subject to favorable letter ballot of Committee B-7.! 

The recommendation presented on the floor at the annual meeting that the 
table of precision requirements for methods of chemical analysis expressed in per- 
centage of the specified value appearing in the Tentative Specifications for Aluminum- 
Base Alloy Sand Castings (B 26-36 T) and for Aluminum-Base Alloy Permanent 
Mold Castings (B 108 — 36 T) be deleted was unanimously approved, subject to favor- 
able letter ballot of Committee B-7.? 

The report of Committee E-2 on Spectrographic Analysis was presented from 
manuscript by the vice-chairman, T. A. Wright, and accepted for publication sub- 
ject to favorable letter ballot of Committee E-2. 

It was announced that the committee had completed the preparation of proposed 
revisions in the Tentative Method of Quantitative Spectrochemical Analysis of High 
Grade Pig Lead for Copper, Bismuth, Silver and Nickel (E 25-35 T) and Method 
of Quantitative Spectrochemical Analysis of Zinc Alloy Die Castings for Minor 
Constituents and Impurities (E 27 - 35 T) which, if approved by letter ballot of the 
committee, would be submitted to the Society through Committee E-10 on Standards 
subsequent to the annual meeting. 


The report of Committee E-3 on Chemical Analysis of Metals was presented 
by T. A. Wright. In presenting the report Mr. Wright submitted the following 
resolution for inclusion in the report as finally printed, which subject is to receive 
consideration in the committee during the year. 


“Methods of Sampling and Analysis devised by Committee E-3 shall show 
as close an approach to accuracy as is in accord with allowable costs and good 
analytical practice.” 
There being no further business the chairman then declared the Fortieth Annual 
Meeting adjourned sine die. 


July, 1937. 


1 This recommendation was submitted to letter ballot of Committee B-7, which consists of 41 membe 
33 members returned their ballots, of whom 27 voted affirmatively and 0 negativ ely. 


2 This recommendation was submitted to letter ballot of Committee B-7, which consists of 41 members; 


33 members returned their ballots with the following results: B 26 — 36 T, affirmative 28, negative 0; B 108 
36 T, affirmative 29, negative 0. 
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-- FUELS OF TODAY AND TOMORROW 

ANNUAL ADDRESS BY THE PRESIDENT 

ARNO C. FIELDNER! 
June 28, 1937 


Thirty years ago when I entered the service of the Government Fuel 
Testing Laboratory in Pittsburgh, I had no idea that some day I should 
have the honor of addressing my colleagues in the materials field on the © 
vitally important subject of our fuel supply and the present-day trends in 
its utilization. 

At that time coal furnished 89 per cent, oil 8 per cent, and natural gas © 
3 per cent of the mineral fuel energy of the United States; water power 
contributed an equivalent equal to 3 per cent of the mineral fuels. In 1907, — 
King Coal was the undisputed monarch of the fuel world, and no one anti- 
cipated that in thirty years his kingdom would be reduced to one-half of 
the total energy supply. As shown in Figs. 1 and 2 (Annual Supply of 
Energy from Mineral Fuels and Water Power in the United States) the 
decline was gradual. The effect of petroleum and water power on the 
demand for coal was not noticeable, due to the accelerating industrial activ- — 
ity created by the World War; and the fact that during this period the 
automobile was stimulating new conceptions of transportation and dis- 
placing horses rather than trains and trolley cars, which received their 
energy from coal. 

After the war, the displacing effect, first of petroleum, then of natural 
gas caused a steady decline in the proportion of energy from coal until © 
1933, the bottom year of the depression. This decline was augmented by — 
the cumulative effect of research on increasing the efficiency of utilization 
of coal in many uses. 


RIsE OF PETROLEUM 
The present age of intense competition of the different fuels has its — 


underlying cause in the last century, when Otto invented the gas engine — 
in 1867 and Daimler built the first motor car using gasoline in 1887. Next _ 
to the primitive urges of life, man, especially modern man, desires most to 
move rapidly from place to place. When the automobile gave promise to ’ 


1 Chief, Technologic Branch, U. S, Bureau of Mines, Washington, D. C. : 
(31) 
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ANNUAL ADDRESS BY THE PRESIDENT 
fill this want, the industry attracted to its ranks not only the adventurous 
spirits of the day but the keenest engineers in the profession—men who 
were attracted by the pioneering opportunities afforded by a growing 
industry. This situation spread to the production of the accessory materials 
_ rubber, alloys, steel, and road materials—and above all gave rise to the 
_ great American petroleum industry as we have it today, based primarily 
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Fic. 1.—Percentage of Total Energy Supplied by Mineral Fuels and Water Power. 


Data from Coal Economics Division, U. S. Bureau of Mines. The fuel equivalent of water power is taken 
in each year at 4 lb. coal per kw-hr., the average, in round numbers, of central-station practice in 1913. 
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on providing the fuels and lubricants for a vast transportation fleet number- 
ing some 28 million motor vehicles, enough to move simultaneously the 
entire nation and a large proportion of its goods as well. 

Search for Oil and Improvement of Production.—Thirty years ago, an 
annual production of 166 million barrels of oil supplied the world with 
lamp and lubricating oils and was beginning to force its way to the front 
as a fuel for steam generation in competition with coal. By 1915, auto- 
motive needs for gasoline began to be felt. Prospecting spread to many 
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states, and the science of petroleum geology greatly helped in new dis- 
coveries. Following the war, demand again overtook supply. Thirty-four 
thousand wells, drilled in 1920 alone, brought in prolific fields. A flood of 
oil from California and the mid-continent replenished the deficit. 

In 1926 another shortage alarm appeared. ‘The number of motor 
vehicles had increased from 9 million in 1920 to 22 million in 1926. The 
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Fic. 2.—Percentage of Total Energy Supplied by Mineral Fuels and Water Power. 


Data from Coal Economics Division, U. S. Bureau of Mines. The fuel equivalent of water power is taken 
at the prevailing average of all central stations for each year, declining from 6.45 lb. per kw-hr. in 1902 to 
1.44 lb. in 1936. 

domestic gasoline supply was falling behind the demand. New efforts | 
were put forth in various directions, and serious consideration was given | 
to the possibilities of supplemental motor fuels from oil shale, coal, and 
vegetable materials. However, this fear was shortlived. Deeper drilling— 
to depths exceeding 7000 ft., tien to 10,000 ft., and recently to 12,000 ft.— 


and most of all, the introduction of geophysical methods in finding oil 
strata, provided new discoveries at an increasing rate; and in addition the 7 
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enormous East Texas pool with 22,000 wells and an area of some 200 square 
miles, was discovered in 1930 by wild-cat methods. Slightly over 1 billion 
barrels of oil were produced in the United States in 1929, and this figure 
was duplicated in 1936. 

Developments in Refining Petroleam.—Parallel with the finding of new 
sources of crude oil, there was continued progress in increasing the yield 
and quality of the gasoline produced. Gasoline, formerly a dangerous 
contaminant of kerosine and fuel oil, became the most valuable petroleum 
product. Physical separation of this naturally occurring fraction soon 
became insufficient to supply the need. The good old Pennsylvania crude 
oils contained 20 to 25 per cent of gasoline, but many of the newly discovered 
oils contained less than 10 per cent. Science again came to the rescue. 
As the geologist helped the prospector to find more oil, so the chemist aided 
the refiner in making more gasoline. By applying heat and pressure the 
complex molecules of heavy crude oil were broken down to the simpler 
ones of gasoline. Burton, who accomplished this task commercially in 
1912, initiated a series of refining improvements that have increased the 
production ratio of gasoline to crude oil from 13 per cent in 1912 to 44 per 
cent in 1935. 

The introduction of continuous pipe stills in the early 20’s, the use of 
higher temperatures and pressures permitted by new alloys, and the appli- 
cation of chemical engineering principles in the condensation and fraction- 
ation of volatile products have resulted in greatly increased and vastly 
improved yields. The present average yield of gasoline by cracking is 
estimated at 60 per cent; and each grade of fuel marketed throughout the 
broad expanse of the United States has uniform properties. Great credit 
is due to the Cooperative Fuel Research Committee supported by the 
petroleum and automotive industries, and to the Committee on Petroleum 
Products and Lubricants of this Society, for appraising the essential 
properties of motor fuels and for standardizing the methods for determining 
these properties. No such nationwide improvement could have been 
accomplished without their work. 

Another landmark in the improvement of motor fuels was Midgley 
and Boyd’s discovery, inspired by Kettering, in 1922, that the addition 
of small quantities of tetraethyl lead and certain other substances to 
gasoline would suppress detonation and permit the use of higher compres- 
sion ratios in the engine, thus increasing the efficiency of utilization. Con- 
currently with the use of lead came the extension of cracking to kerosine 
and residual oils and the re-forming of gasoline itself into structures that 
burned with less tendency to knock. By addition of lead and also by 
chemical modification, the anti-knock properties of gasoline have been 
improved from an average octane rating of 59 for regular-grade gasoline 
in 1930, to 70 in 1936. Premium grade now rates 78 and aviation grades 


of 100 are beginning to be used. 
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The average compression ratio of automobile engines sold in 1925 was 
4.1to 1. The general availability of anti-knock motor fuels has permitted 
an increase in the average ratio to as much as 6.0 to 1 ‘n 1936. So great has 
been the bromine requirement of the lead anti-knock compounds that it 
became necessary for chemists to devise a process for extracting the minute 
quantities of bromine in sea water. A plant was built on the coast of North 
Carolina which now is extracting about 46,000 Ib. of bromine per day from 
145 million gallons of sea water.! a 
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Fic. 3.—Sales of Fuel Oils and Range Oil by Uses, 1926 to 1935. > 


Graph by Petraleum Economics Division, U. S. Bureau of Mines. 


These major developments in the production of motor fuel, together 
with a number of minor advances, have added some 30 to 50 per cent to 
the effectiveness of our supply from crude petroleum. From 1920 to the 
end of 1936, cracking alone is estimated to have produced an amount of 
gasoline which without cracking would have required the production of an 
additional 83 billion barrels of crude oil.? 

Displacement of Coal by Fuel Oil.—Since the earliest days of the pe- 
troleum industry, refining operations have been adjusted to the market 


1 Industrial and Engineering Chemistry, News Edition, Vol. 15, March 10, 1937, p. 105. 
2Fred van Covern, ‘Status and Outlook of Petroleum Supply, Demand and Stocks,” American Petroleum 
Institute Quarterly, Vol. 7, April, 1937, 
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ADDRESS BY THE ‘PRESIDENT 


demands of the lighter fractions. Before 1910, kerosine and afterward 
gasoline set the pace. The residual portions, almost half of the total 
crude, sought and found a receptive market as gas oil and fuel oil. Like 
any other by-product, the price of these oils was set by prevailing fuels. 

Liquid fuel was tried on ships before the World War, and by its close 
virtually all the navies were burning oil. The merchant marine followed 
the naval example; and the oil-fueled tonnage of the world rose from 
18 per cent in 1920 to 40 per cent in 1930 and to 50 per cent in 1936. Forty 
per cent of the oil-fueled tonnage of 1936 consisted of Diesel-powered 
ships. 

The railroads also have been, and are today, large consumers of fuel 
oil. While this use has been limited largely to the Southwestern and 


TABLE I.—SALeEs oF GAs O1L AND FUEL OIL, 1930-35, By USEs. 


Thousands of barrels of 42 gal. 
Data furnished by Petroleum Economics Division, U. 8, Bureau of Mines. 


(including tankers) 

Gas and electric power plants 

Smelters and mines*¢ 
Manufacturing industries ¢ 

Heating oils 

U. 8. Navy, Army transports, etc 

Oil-company fuel 


367 361 329 137 | 301570 330 321 
36 450 29 231 19 994 28 605 


403 811 | 358368 | 321564 | 328910 | 358926 
Range oil 3 0002 4549 6 841 10 269 15 756 


¢ Revised figures for 1932, 1933, and 1934. 

4 Estimated 

Western states, where coal is less available and fuel oil abundant, the 
recent advent of Diesel-motored trains is encroaching on the use of coal in 
other regions. 

Since 1923, the use of fuel oil has spread to various industries, espe- 
cially for operations requiring flexibility of heating, accurate temperature 
control, and freedom from ash. ‘The changing distribution of fuel-oil 
consumption since 1926 is shown in Fig. 3 and Table I. The most important 
recent trend is the ever-accelerating gain of oil-heating for homes, apart- 
ments, and office buildings. The sale of heating and range oils increased 
from 25 million barrels in 1926 to almost 100 million barrels in 1936. One 
hundred million barrels of oil is equivalent to 24 million tons or one-half of 
the present production of anthracite. In all its uses the consumption of 
fuel oil alone is equivalent to about 100 million tons of coal—slightly more 
than one-fifth of the total production of anthracite and bituminous coal. 
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Arno C. FIELDNER 


RISE oF NATURAL GAS 


Next to petroleum, the most striking development of our bountiful 
fuel supply is the utilization of natural gas. Once the source of eternal 
flames of ancient worshipers of fire, it is now a premier fuel supplied through 
thousands of miles of pipe to heat homes and cook meals in half the area 
of the United States. In the producing fields it generates power for pump- 
ing gas and oil, it furnishes carbon black for filler in automotive tires, and 
it is becoming an important raw material for new chemical products. A 
few deposits contain the non-flammable helium, now indispensable for 
airships. 

Although used for lighting Fredonia, N. Y., as early as 1821, the use 
of natural gas was sporadic until the discovery of reservoirs of gas in the 
search for oil. The first iron pipe line for natural gas—a 2-in. line 5} miles 
long—was built in 1872 from the Newton well to Titusville, Pa. 

Other wells and new discoveries followed, first in Pennsylvania, then 
in West Virginia, Ohio, Kentucky, Indiana, the mid-continent and Cali- 
fornia. ‘The natural gas of the Appalachian field was more quickly ab- 
sorbed by the centralized industries and homes of the district than it was 
in the sparsely industrialized sections of the Southwest, where later ex- 
tensive reservoirs of oil and gas in Oklahoma, Louisiana, Texas and Cali- 
fornia were opened. The original waste of gas in these fields was enormous, 
but is declining with the lengthening of pipe lines to industrial centers. 
The Munroe field of Louisiana, discovered in 1916, subsequently indicated 
a reserve of 5 trillion cubic feet of gas. ‘This was enough to justify long- 
distance pipe lines to centers of consumption; beginning in 1926, pipe lines 
were built successively to New Orleans, Memphis, St. Louis, Birmingham 
and Atlanta. ‘The largest reserve of all proved to be thé Amarillo, or 
Panhandle field in Texas. Estimates of the original content vary from 
14 to 20, and even as high as 41 trillion cubic feet of gas.'_ Pipe lines from 
this field extended to Ft. Worth, Denver, Kansas City, and eventually to 
Chicago, Minneapolis and Detroit. This development was made pos- 
sible through metallurgical research in making steel and fabricating it by 
electric or acetylene gas welding into virtually continuous pipes capable of 
transporting gas at working pressures of 600 Ib. per sq. in. and more, with 
very small leakage over a distance of 1000 miles. Enormous quantities of 
natural gas, a most valuable form of fuel heretofore lacking a market, 
were made available for domestic and commercial use. 

Natural Gasoline and Bottled Gas.—Fifty-five per cent of the natural 
gas produced and consumed in the United States comes to the surface of 
the ground in association with oil. Even the so-called “dry” gases con- 


Victor Cotner and H. Crum, “Geology and Occurrence of in Amarillo District, Texas,” 
in, Am. Assn. Petroleum Geologists, Vol. 17, No. 8, August, 1933, 
. Cadman, “ Kansas Natural Gas” (reports estimate (p. 24) of} Panhandle Field gas reserve made by 
R. c. Moore, State Geologist of Kansas), Report to the Kansas 5 tate Planning Board, December, 1934. 


37 
ird 
tal = 
ike 
‘ls. 
a 
| 
ed 
om 
ty 
‘ed 
uel 
nd 
5 
81 
{7 | 
~ 
16 
33 
he 
in 
ire 
oil 
int 
ed 
ne 
of = 
re 


38 ANNUAL ADDRESS BY THE PRESIDENT _ a 


tain appreciable quantities of propane, butane, pentane, and higher mem- izatic 
bers of the paraffin series of hydrocarbons. From 0.5 to 10.0 gal. of gasoline and 
and condensable hydrocarbons can be recovered from 1000 cu. ft. of “wet” 

gas by compression and refrigeration or by absorption in oil. 

By 1913, the growing demand for gasoline had led to the installation of 
250 plants east of the Mississippi for the recovery of this so-called “natural 
gasoline.” The industry proved profitable and grew steadily, mounting to 
a production of 9.2 million gallons of natural gasoline as early as 1920, 
This amount was 7 per cent of the total gasoline production, and the 
average yield was about 0.8 gal. per 1000 cu. ft. of gas treated. 

In the early days of the industry, the volatile propane, butane, and 
pentane fractions were allowed to boil off in the atmosphere to obtain a 
stable product suitable for blending with refinery gasoline. ‘This procedure 
not only wasted these volatile fractions, but considerable proportions of 
stable gasoline were lost. Beginning about 1924, the application of modern 
chemical engineering in the use of bubble-type absorbers and stills with 
efficient rectifying columns eliminated these losses. The volatile fractions 
were recovered and transported under pressure in steel bottles for domestic 
and industrial use. 

Thus the application of scientific research eliminated another serious 
waste of resources and provided a new fuel known as bottled or liquefied 
gas. This fuel combines the convenient and accurate control of a gas 
with the portability and flexibility of gasoline. Beginning at the modest 
figure of 223,000 gal. in 1922, the marketed production of liquefied pe- 
troleum gases increased literally by leaps and bounds to a total production 
of 107 million gallons in 1936. 

Twenty-eight per cent of the bottled gas, in the form of propane, went 
to domestic users who live beyond the reach of gas distribution systems; 
60 per cent, in the form of the less-volatile butane and propane-butane 
mixtures, was sold chiefly as industrial fuel and to gas companies for dis- 
tribution through gas mains in small communities. 

Assuming a calorific value of 98,000 B.t.u. per gallon for the bottled 
gas sold in 1936, it amounts to as much as 10 per cent of the total energy of 
the manufactured gas (223 billion cu. ft.) sold to domestic consumers in 
1935. The industry is expected to grow to much greater proportions, as 
much larger quantities are available both from natural gas and from the 
still gases of petroleum refineries. 

Polymerization of Hydrocarbons.—The most recent new developments 
in the improved utilization of hydrocarbons are the polymerization , °° 
esses for the production of high anti-knock gasoline.! 

Here the chemist has reversed the cracking process of breaking down 
large molecules of heavy oil into the smaller gasoline molecules. Polymer- 
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1eM- ‘zation consists of building up molecules of gasoline size by uniting gaseous 
line and light-vapor molecules, such as the unsaturates, ethylene, propylene, 
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nts _ Data from Coal Economics Division, U. S. Bureau of Mines. The fuel equivalent of water power is taken 
in each year at 4 lb. coal per kw-hr., the average of central-station practice in 1913. 
and butylene, present in large proportion in cracking-still gases, and the 
ywn saturated hydrocarbons ethane, propane and butane found in natural gas. 
1er- Two types of commercial polymerization processes began operation in 


1935. These types are known as the “catalytic” and the “thermal” 
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processes.’ In the “catalytic gas polymerization process,” olefin-contain. 


ing gases from cracking stills or from the catalytic dehydrogenation or crack- 
ing of propane and butane are heated to a temperature of about 230 C., at 
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Fic. 5.—Annual Energy Supply of the United States. 


Data from Coal Economics Division, U. S. Bureau of Mines, The fuel equivalent of water power is taken 
“. 4 eee average of all central stations for each year, declining from 6.5 lb. per kw-hr, in 1902 to 
. in 


a pressure of 200 Ib. per sq. in. in the presence of a phosphoric acid catalyst; 
in the “thermal processes,” mixtures of gascous paraffin and olefin hydro- 
carbons are treated at temperatures ranging from 480 to 700 C., and 500 


1G. Egloff, “ Polymer and Isoéctane Motor Fuels,’ 
q Vol. 15, 


" Industrial and Engineering Chemistry, News Edition, 
Pp. 245-246 (1937), 
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to 3000 Ib. per sq. in. pressure. The gasoline obtained by these processes 
has octane numbers ranging from 76 to 86 and therefore has a premium 
value for blending with ordinary gasoline. About 6 gal. of gasoline are 
reported to be obtained by the catalytic process from 1000 cu. ft. of a refinery 
gas containing 37 per cent of propylene plus butylene. 

The combined annual capacity of polymerization plants, in operation, 
under construction and proposed at the end of 1936, was estimated at 5 
to 10 million barrels.1_ Completion of a pipe line from the East Texas field 
to a polymerization plant on the Gulf Coast indicates that production of 
this type of anti-knock gasoline will continue to enlarge, and that an un- 
limited market for butane is assured in the production of high octane 
gasoline for aviation or blending with ordinary gasoline. Estimates of 
potential production from refinery and natural gas range from 10 to 25 per 
cent (and higher') of the 1936 gasoline demand of 482 million barrels.?* 

Another probability is the direct use of butane as a motor fuel. Com- 
pression ratios of 10 to 1 are possible without detonation. Combustion is 
complete, and higher efficiencies are obtainable than with gasoline. The 
use of propane and butane as fuel for stationary units is increasing, and 
interesting experiments have been made in combining power production 
with refrigeration on trucks and with air cooling of busses.‘ 

CoaL PRODUCTION AND UTILIZATION 

Let us return now to the changing use of coal—once our only mineral 
fuel—now supplying but half of the total energy demand. From 1898 to 
1918 the production of bituminous coal increased at an average rate of 
approximately 20 million tons per annum, reaching a maximum of 579 
million tons or 15 180 trillion B.t.u. in 1918 (Figs. 4 and 5). That was the 
end of the rise. From that date the demand for bituminous coal wavered 
with the ups and downs of industry until in 1927 began a decline which 
ended at 310 million tons in 1932 (8114 trillion B.t.u.). 

In 1936 the production had returned to 434 million tons (11,373 trillion 
B.t.u.). Thus, the coal industry, geared to an annual increase of 20 million 
tons per annum, was faced abruptly at the end of the war with an increasing 
capacity and a declining demand. Profits vanished, and whole communi- 
ties were deprived of work. Many mines were closed, and intense compe- 
tition ensued. The inroads of competitive fuels began to be realized, and 
measures were taken to hold the markets for coal. ‘These consisted of 
lowering the costs of production and improving the quality of the product. 

Improved machinery was designed for cutting coal at the face and 
loading it mechanically into cars. Underground conveyors were installed— 


1G, Egloff, ‘Polymer and Isoéctane Motor Fuels,” Industrial and Engineering Chemistry, News Edition, 
Vol. 15, pp. 245-246 (1937). 

?Arch L. Foster, “Conservation of Oil Given New Properties by Polymerization Process,” National 
Petroleum News, Vol. 27, No. 47, November 20, 1935, p. 73. ; : 

*L. C. Snider and B. T. Brooks, ‘Probable Petroleum Shortage in the United States and Methods for 
Its Alleviations,” Bulletin, Am. Assn. Petroleum Geologists, Vol. 20, p. 46 (1936). 
18 p > G. Sane ‘ Progress of the Liquefied Gas Industry,” Gas Age Record and Natural Gas, February 
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in one instance 4 miles long. Twelve per cent of the 1935 production was 
mechanically mined, and mechanization is continuing at a faster pace. 


Reduction in the cost of mining has been paralleled by improvement at | 
of the quality of coal. Washeries and cleaning plants have been installed vap 
at many mines for reducing ash and sulfur to the lowest practicable limits. effic 
About 15 per cent of the 1935 production was washed or air-cleaned. The 
best preparation plants provide fuel of definite size gradation and constant stat 
ash and sulfur contert. doe 

Residential Stokers.—To hold the house-heating trade, coal producers int 
are cooperating with appliance manufacturers in the development of auto- cok 

matic stokers, which provide much of the convenience of gas or oil-fired Thi 
) furnaces at a lower cost for fuel. The sales of domestic stokers have = 
, increased from 7000 in 1932 to 76,000 in 1936. The dust nuisance in hand- 
ling coal has been abated by spraying coal with oil or hygroscopic solutions, cd 
and even packaged fuel consisting of briquets wrapped in kraft paper has ind 
; 4 been introduced for disposing of the dust from high-grade coals that accu- De 
mulates in distributing yards. 
Increase of Fuel Efficiency.—In the generation of power from coal, the ta 
_ public utilities and the power-plant-equipment manufacturers have made on 
( great strides in improving fuel efficiency. From an average consumption of oni 
> 7.05 lb. of coal per kilowatt-hour in 1899 and 3.2 lb. in 1919 to 1.44 Ib. in 
1936 is a truly remarkable record. Since the most efficient modern stations - 
are producing 1 kw-hr. from 0.8 Ib. of coal, further decrease of the average cis 
may be expected as new equipment replaces the old. th 
q The higher efficiencies obtained with the introduction of pulverized de 


coal in the period following the war have now been equaled by stoker-fired 
installations. Both types of boiler plants give steam efficiencies of 90 to 
92 per cent. ‘The slag-tap furnace, with powdered-coal combustion, avoids th 
_ clinker trouble. Coal of low ash-fusing temperature may be used and the 


{ ash removed in molten form. This advantage of pulverized-coal combus- re 
tion has been met in stoker practice by preventing fusion of ash through G, 

_ water-cooling the tuyéres of underfeed stokers. This device permits the 0 
use of coals having a low ash-softening temperature and a high ash content. m 
_ The spreader-type stoker' now coming into use is adapted to coals of n 
_ widely varying properties. It is an example of the trend toward equipment Py 
suitable for any kind of coal. a 


The best boiler furnaces are nearing their maximum possible efficiency. b 
Further improvement of total fuel-power efficiency must be obtained 


_ through the conversion of steam to power. Metallurgical progress in the f 
development of high-temperature alloy steels permits the use of higher n 
steam pressures. The best record for a coal-steam-turbine plant is - 
“The Forced-Draft Spreader Stoker," Transactions, Am. Soc. Mechanical Engrs., Vol. 59, 
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10,900 B.t.u. per kw-hr., or 31 per cent efficiency. This was obtained 
at the Port Washington power plant! at Milwaukee, Wis., operating 
at 1230 lb. per sq. in. pressure and at a temperature of 825 F. Mercury- 
vapor plants, still in the developmental stage, have given 32 per cent 
efficiency in regular operation and on test might go as high as 40 per cent.? 

Carbonization and Gasification of Coal.—As the modern central power 
station represents our greatest advance in the combustion of coal, so 
does the modern by-product coke-oven represent our major development 
in the processing of coal. Thirty years ago, 85 per cent of our metallurgical 
coke was made in beehive ovens without recovery of gas and by-products. 
This waste has stopped. Less than 5 per cent of the coke produced today 
comes from beehive ovens. By-product oven installations increased very 
‘slowly until 1914. Then the World War created an acute demand for the 
by-products benzol and toluol, as well as metallurgical coke. American 
industry met the demand, and an active period of construction ensued. 
Designs were improved, and following the war, the industry entered the 
field of city gas supply. This move was accompanied by a vigorous educa- 
tional campaign on the domestic use of coke. Beginning at 2,300,000 tons 
in 1921 sales of domestic coke climbed steadily to 10,500,000 tons in 1934- 
an amount equivalent to the fuel oil sold for similar purposes during the 
same year. 

Fifteen years ago, the prospects of the coal-carbonization industry 
seemed very bright. ‘The public was learning to burn coke and to appre- 
ciate its smokeless properties; the demand for gas was increasing, and 
the supply of natural gas from the Appalachian field was declining; the 
demand for gasoline was mounting rapidly, and discovery of new fields 
seemed inadequate. Further processing of coal for coke, gas, and liquid 
by-products appeared inevitable; but unfortunately for the coal industry, 
the situation changed. A prolific period of discovery was followed by a 
veritable flood of oil and a hurricane of gas. Natural gas piped from the 
remote interior to cities of the Great Lakes and virtually to the Atlantic 
Seaboard stopped further extension of manufacturing gases from coal. 
Other factors also depressed the economics of coal carbonization; at present, 
metallurgical coke is the only product from the processing of coal that does 
not have its price realization fixed by a competitive product: light oil is 
controlled by gasoline; tar by fuel oil; ammonium sulfate by synthetic 
ammonia; and manufactured gas by natural gas. ‘The return of normal 
business activity will bring some coke-oven construction needed to supply a 
larger steel production and possibly a larger demand for solid smokeless 
fuel, but no extensive program of oven building need be expected until 
natural gas declines again. 

1A. G. Christie, ‘‘ Twenty-five Years of Power Development,’’ Combustion, April, 1937, pp. 34-35. 


., 2A. G. Christie, ‘Development and Performance of American Power Plants,’ Mechanical Engineering, 
Vol. 58, September, 1936, pp. 539-561. 
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Low-Temperature Carbonization.—The commercial development of low- 
temperature carbonization, which provides an easily ignitable smokeless 
fuel, likewise has been retarded in the United States by the lack of demand 
for the light and heavy oils that are yielded in much greater volume than 
in the high-temperature process. 

Despite the spectacular failures of two large commercial plants 
technical progress has been made, and a limited production has been 
marketed during the past three years. 

Complete Gasification.—Producer gas from coal or coke, once an im- 
portant fuel for heating furnaces, has declined steadily in use. Surplus gas 
and tar from by-product coke-ovens, natural gas, and fuel oil have taken 
its place. Carburetted water-gas equipment continues to be an important 
adjunct to city gas plants to carry peak loads or interruption of supply. 
New modifications involving the re-forming of natural gas or refinery gases 
have been developed. 

The increasing availability of gas from various sources has changed 
the emphasis in city gas utilities from manufacturing gas to mixing pur- 
chased gases and distributing them to consumers. The proportion of 
purchased gas of the total of purchased and manufactured gas increased 
from 29 per cent in 1929 to 35 per cent in 1934. These figures do not include 
gas distributed to the ultimate consumers by the natural-gas industry. 
A direct comparison of these two groups shows that for the year 1936 
natural gas comprised 56 per cent of the volume of gas and 68 per cent of 
the energy supplied in gaseous form to domestic and commercial consumers. 
Since the total annual production of natural gas is four to five times the 
amount of natural gas distributed to domestic and commercial consumers 
by public-utility gas companies, it is evident that further increases in the 
ratio of natural to manufactured gas may be expected for several years 
to come. 


PRESENT-DAy 7 JEL SUPPLY AND DEMAND 


Having reviewed the changing conditions of fuel supply and demand 
during the last 30 years, let us consider now our present situation. We 
have solid, liquid, and gaseous fuels in abundance, and we are using them 
at an increasing rate. The total energy supply from these mineral fuels, in 
trillions of B.t.u.’s, increased from 14,000 in 1907 to 24,600 in 1929—a 
75 per cent increase in 22 years. The depression caused a drop to 16,122, 
but recovery had raised the figure to 21,878 by 1936. The changing pro- 
portions of this energy contributed by the several mineral fuels and by 
water power was shown in Figs. 1 and 2. 

The distribution of energy consumption in 1929, a year of high in- 
dustrial activity, is given in Tables II and ITI. 

In round numbers, industry and public utility power consumed 45 


TAI 
| 
) 
| 
| 
| ps 
Road 
pla 
Public-t 
Public-t 
Industr 
laneo 
| Total 
| 
= 
| 
are not 
eT 
| | 
of carb 
s 
i] 
TABI 
> 
Rai 
Mai 
Roa 
Public 
Public 
Indus 
Dome 
Tot 
oil-re 
Tal 
Coal 
Petr 
Nat 
| 


ARNO C. FIELDNER 


4 
TABLE II.—DIsTRIBUTION OF ENERGY CONSUMPTION OF MINERAL FUELS IN 1929. 

Coal, million net Petroleum, million barrels? 

Natural 
Anthracite | Bituminous Gasoline¢ Kerosine? | Fuel and Gas 
Per Per Per | Billion} Per 

oo Tons Tons | cent Barrels cent Barrels Barrels cent | cu. ft. | cent 

Transportation............ 143 27.7 351 92.9 174 47 
| SESE 1359 | 26.2 1.1 0.3 76 20.5 
Ships and boats......... 8 1.5 0.8 0.2 98 26.5 
Road vehicles and air- 

Pablio-utility 38 7.3 10 2.7 113 6 
225 43.3 13.6 3.6 127 34.3 | 1444" 75 
Domestic and miscel- 

ee 69 106 20.4 13.2) 3.5 36 37 10.0 360 19 
es sdecwewesaugan 69 518 |100 378 100 36 370 100 1917 100 


¢ Mineral Resources of the United States for 1929, U. S. Bureau of Mines, p. 771. 
> 135 million barrels of petroleum consumed in the production of refinery gas, coke, lubricants, wax, road materials, ete., 
are not included in this distribution. 


supplied by Economics Branch, U.S. Bureau of Mines. 
‘Petroleum Refinery Statistics, 1929,” Bulletin $39, U. 


S. Bureau of Mines, p. 5 (1931). 


f Mineral a of the United States for 1929, U. S. Bureau of Mines, p. 320. 
9 Includes 13 million tons of coal used in shops and stations. 


4 Two-thirds of this amount used for fuel in gas and petroleum field operations, and fe uel in oil amen and for the production 


of carbon black. 


‘ Includes minor industrial uses. 
j Includes agricultural uses. 


TaBLE III.—DIsTRIBUTION OF — CONSUMPTION FROM 


IN TRILLIONS OF B.T.U.4 


FuELs In 1929 


Coal Petroleum Per cent of 
Natural | Totals | Total Energy 
" Gas Consumption 
7 : Anthracite | Bituminous | Gasoline | Kerosine | Fuel Oil 
Transportation “aes 3 720 1790 1027 ~ 6 537 31 
il 3 512 6 448 3 966 19 
Road vehicles and ene... 1780 1 780 8 
Public-utility power............. 990 bois 59 113 1 162 5 
Public-utility gas............... 156 130 286 1 
5 850 70 749 1444° 8113 38 
Domestic and miscellaneous ° 1794 2 760 67 198 218 360 5 397 25 
Totals....... EB ay eee 1794 13 476 1927 198 2183 1917 21495 100 
Per cent of total energy, all fuels. 8 63 9 1 10 9 100 
* Heating values used in conversion: 1 ton eoal = 26 million B.t.u. 
1 bbl. line = 5.1 million B.t.u. 
1 bbl. kerosine = 5.5 million B.t.u. 


: fuel oil 


cu. ft. natural gas = 


= 5.9 million B.t.u. 
1 million B.t.u. 


° Two-thirds of this amount used for po to production, and for fuel in gas and petroleum field operations, and for 


oil-refinery fuel. 


* Includes minor industrial uses. 


TABLE IV.—PERCENTAGE OF ENERGY SUPPLIED BY THE SEVERAL MINERAL FUELS FOR 
CERTAIN Major USEs IN 1929. 


Domestic and | Public-Utility Road Vehicles Total 
Kind of Fuel Miscellaneous | Power, Gas and Railroads Ships and Airplanes | Transportation 
Industrial 
«Se 84 73 89 27 a 57 
Petroleum......... 9 11 ll 73 100 43 
Natural gas........ 7 162 
Totals... 100 100 100 100 100 100 


* Two-thirds of this 16 per cent used for gas and petroleum field operations, oil-refining fuel, and production of carbon black. 
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per cent, transportation about a third, and domestic and miscellaneous 
uses one-fourth of our energy supply. Coal constituted (see Table IV 
84 per cent of the fuel for domestic and miscellaneous purposes, 73 per 
cent for industrial use and public-utility power, and 57 per cent for trans- 
portation; petroleum provided 43 per cent of transportation fuel, including 
almost 100 per cent of road vehicles and airplane fuel, 73 per cent of marine 


TABLE V.—ANNUAL SUPPLY OF ENERGY FROM MINERAL FUELS AND WATER Power | 
THE UNITED STATEsS,* TRILLIONS OF B.T.vu. 
1913 1923 


Water power at constant fuel equivalent: 
Anthracite 


Imported petroleum 
Natural gas 


Domestic petroleum 
Water power 


24 434 
680 


23 978 


*F,G. Tryon, W. H. Young, L. Mann and J. R. Bradley, “Coal,” Minerals Yearbook, U.S. Bureau of Mines, p. 564 (1936), 
_ _ > Equivalent of water power for fuel is taken in each year at 4 lb. coal per kw-hr., the average of central-station practice 
in 1913. The conversions for other fuels are: 
Anthracite, 13,600 B.t.u. per Ib. 
Bituminous coal, 13,100 B.t.u. per Ib. 
Petroleum, 6,000,000 B.t.u. per bbl. 
Natural gas, 1075 B.t.u. per cubic ft. 
© Water power converted to fuel equivalent at the average prevailing efficiency of central stations for the year in question, 
declining from 6.45 Ib. per kw-hr. in 1902 to 1.44 lb. in 1936. The following equivalents were used: 
1899—7 .05 Ib. coal per kw-hr. 
1913—4 |b. coal per kw-hr. 
1923—2.41 |b. coal per kw-hr. 
1929—1 .69 Ib. coal per kw-hr. 
1936—1 .44 lb. coal per kw-hr. 


TABLE VI.—PERCENTAGE OF TOTAL B.1.U.’5 CONTRIBUTED BY THE SEVERAL MINERAL 
FUELS AND WATER POWER IN THE UNITED STATES.4 
1913 


Water power at constant fuel equivalent of 4 lb. per kw-hr.: 
Anthracite 


= 


Domestic petroleum 

Imported petroleum 
Natural gas 

Water power 


Water power at prevailing fuel equivalent: 

Anthracite 
Bituminous coal 
Domestic petroleum 
Imported petroleum 
Natural gas 
Water power 


100.0 100.0 
* F.G. Tryon, W. H. Young, L. Mann, and J. R. Bradley, “Coal,” Minerals Yearbook, U. 8. Bureau of Mines, p. 566 (1936). 


fuel, and 11 per cent of railroad fuel. Natural gas comprised 16 per cent 
of industrial and public-utility fuel consumption and 7 per cent of the 
domestic and miscellaneous needs. Since 1929, 7 per cent of the total 
energy demand has been transferred from anthracite and bituminous coal 
to petroleum, natural gas, and water power (see Tables V and VI). The 
continuation of this shift concerns not only the operators and workers in 
the coal and oil industries, but the nation itself with respect to future needs. 
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During 1936 we produced and consumed 31 to 33 per cent of the world 


production of coal, 60 to 70 per cent of the petroleum, and 95 per cent of 
the natural gas. We have a little over one-half (3.2 trillion tons of coal 
and lignite) of the world reserves of coal, and probably 60 per cent! of the 
proved oil reserves. Two-thirds of the oil produced in all countries since 
the discovery well was drilled in 1859 has come from American wells. 

Unlike coal, estimates of the total national reserves of petroleum can- 
not be made. We can deal only with the proved reserves. In 1934, the 
United States Geological Survey estimated the oil in the ground recoverable 
by the current methods of production at 13 billion barrels, and the most 
recent estimate—that of January 1, 1937, by a committee of the American 
Petroleum Institute—-puts the reserve at virtually the same figure. Thus, 
in the last three years discovery of new fields has kept pace with production. 
We cannot forecast future rates of discovery, and opinions differ as to when 
a decline will begin. Regardless of whether it may begin within one or 
several decades, it is evident that our oil and gas reserves are small com- 
pared to coal. 

The deposits of oil shale,? largely in the Rocky Mountain States, are 
estimated to contain a potential supply of 92 billion barrels of crude oil— 
an amount sufficient to maintain the present annual rate of oil production 
for nearly 100 years. 

The ultimate reserves of natural gas cannot be estimated. Fifty-five 
per cent of the natural gas is produced in association with oil; therefore, 
oil exhaustion means the end of natural gas from these particular areas. 
Reliable estimates of reserves of individual gas fields are being made, but 
this work has not covered the country as a whole. 

Conservative estimates of the proved reserves by individual authori- 
ties range from 30 to 40 trillion cubic feet. Other estimates are placed at 
considerably higher figures. At the present rate of 2 trillion cubic feet of 
production per year, this amount would last 15 to 20 years. Here also, 
new sources will be discovered and the life of the fields, no doubt, will be 
extended greatly as growing social control will prohibit waste and low- 
grade use of this ideal form ef our national fuel supply. 

The original reserves of coal and lignite are estimated at 3.2 trillion 
tons—enough to cover the entire State of Ohio (area, 41,000 square miles) 
to a depth of 76 ft. Not more than 2 per cent of the original supply of 
bituminous coal and about 25 per cent of our anthracite has been ex- 
hausted. At the 1929 rate of energy consumption, assuming that coal will 


THE NATIONAL FUEL RESERVES 


_ IV. R,. Garfias and R. V. Whetsel, ‘Proven Oil Reserves: Petroleum Development and Technology,” 
Transactions, Am. Inst. Mining and Metallurgical Engrs., Vol. 118, p. 212 (1936). 

Dean E. Winchester, ‘‘The Oil Possibilities of the Oil Shales of the United States," Report II, Federal 
Oil Conservation Board, January, 1928, pp. 13-14. 
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carry the load after oil, gas, and oil shale are exhausted, and ¢ allowing 30 

per cent for loss, coal would last 2100 years. (See Tables VII and VIII. 
However, there certainly will be an increase in energy demand; 

increase at the rate of increase prevailing during the twenties would cut 


TABLE VII.—EsTIMATED MINERAL FUEL RESOURCES OF THE UNITED STATES. 


Description Original 


Reserve 


Reserve 
End of 1935 


Per cent 
Exhaustion 


Anthracite, billions of net tons* 

Low-volatile bituminous coal, billions of net tons?.. 
High-volatile bituminous coal, billions of net tons’ 
Subbituminous coal, billions of net tons 
Lignite, billions of net tons 

Total, all ranks of coal, billions of net tons 
Petroleum, billions of bbl.¢ 

Oil in oil shale, billions of bbl.¢............. 


1929 
Production 


*M. R. Campbell, “Coal Resources of the United States,” U. 8. Geological Survey Mimeographed Report (1928). 


b Includes medium volatile coal. 


“U.S. Crude Reserves Enlarged During 1935,” Oil Weekly, Vol. 80, February 10, 1936, pp. 19-22. Proved 


reserves based on +~™ amounts recoverable with present methods of production. 


479 million bbl. of crude petroleum were imported; 26 million bbl. of crude petroleum and 123 bbl. of refined products 


were exported in 1929. 


* D. E. Winchester, “The Oil Possibilities of the Oil Shales of the United States,” Report II, Federal Oil Conservation Board, 


Catt as, Transactions, Am. Inst. Mining and Metallurgica! Engrs., Vol. 114, pp. 243-244 (1935). 


 @ Date 8 trillion cu. ft. blown into the air and wasted, Petroleum Times, Vol. 33, p. 346 (1935). 


4 Includes one-half trillion cu. ft. blown into the air and wasted. 


TABLE VIII.—EsTIMATED MINERAL FUEL RESERVES OF THE UNITED STATES AND 1929 
PRODUCTION EXPRESSED IN EQUIVALENT TONS OF BITUMINOUS COAL OF 13,000 B.1.v. 


PER LB. CALORIFIC VALUE.@ 


Billions of net tons 
Description Per Cent 


Exhaustion 


Original 


Reserve, 


Billions of 
Net Tons 
1929 
Production 


Recovery, 


Years Life 
at 1929 
Rate of 

Production 


Reserve End of 1935 


0.074 
High-volatile bituminous coal 
Subbituminous coal 
Lignite.... 
otal, all ranks of coal 0.613 
Petroleum 0.232 ° 
0 
0.096 
0.941 


‘1.2 
58 
0 
50 


© Heating values used in conversion: Anthracite, 12,700 B.t.u. per lb. 
Low-voiatile bituminous coal, 14,000 B.t.u. per Ib. 
High-volatile bituminous coal, 13,500 B.t.u. per Ib. 
Subbituminous coal, 9500 B.t.u. per Ib. 
Lignite, 6700 B.t.u. per Ib. 
Crude | 6,000,000 B.t.u. per bbl. 
Natural gas, 1000 B.t.u. per cu. ft. 


>In 1921 mining losses were 34.6 per cent, and preparation losses were 4.3 per cent, Report of U. S. Coal Commission, 
Part II, p. 655 (192 25). 


€ Includes some medium volatile coal. 

4 In 1921 asurvey of 80 per centof production showed unavoidable losses of 15.3 per cent and avoidable losses of 19.4 per 
cent making a total recovery of 65.3 per cent, Report of U. S. Coal Commission, Part III, p. 1857 (1925). 
the period to some 500 years, and shortage of supply would be felt in the 
Appalachian field in 100 years. It must be remembered that the superior 
coals of the Fastern region comprise only one-seventh of the total reserves. 
One-half of the total reserve consists of subbituminous coal and lignite. 


These are inferior fuels, and they are in the western part of the United 
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States, far from present centers of population. Moreover the bulk of the 
reserve consists of relatively thin or inaccessible beds which are more’ 
difficult to mine. Exhaustion of only 25 per cent of the anthracite deposits 
has increased considerably the cost of mining. ‘The same situation will 
develop in the relatively near future with respect to the best bituminous 
beds, which permit low cost mining. 

Advances in fuel technology have contributed greatly to the conserva- 
tion of coal, but economic conditions in mining have worked against com- 
pleteness of recovery. The avoidable losses of bituminous coal in time of 
business activity have been placed at 150,000,000 tons per year. Coal 
left behind is lost forever, and the prevention of the present wastes is a 
matter of national concern. Here, also, conservative methods of mining 
will bring efficient recovery in line with efficient utilization. 


FurEts oF TomMorRRow 


Gas, oil and coal are available today in abundance. There is coal 
enough for hundreds, and possibly thousands of years; but natural gas and 
oil obtainable by present methods may be exhausted in less than 100 years, 
and a shortage of our domestic supply may begin within 10 or 20 years. 
How will we meet this situation, and what will be the fuels of tomcrrow? 

An appraisal of present trends and future probabilities indicates that: 

1. Coal will continue to be the principal fuel used for the generation of 
public-utility and major industrial power. Technologic improvements and 
new hydroelectric power will tend to reduce the consumption of coal; on 
the other hand, an increasing demand for energy and a decreasing supply 
of cheap residual oil will increase the amount of coal consumed for power 
purposes. No material change is expected in either direction in the near 
future, but in 10 or 15 years the trend will favor increased consumption 
of coal. Tomorrow’s power and central heating plant will burn any kind 
of coal completely and efficiently. ‘There will be no smoke, no dust, and 
no sulfurous gases emitted to the atmosphere. 

2. No substitute has appeared for metallurgical coke. The coke-oven 
industry will expand and consume more coal in accordance with metal- 
lurgical needs, which are greatly affected by the supply of iron and steel 
scrap, but relatively few new installations for gas production can be expected 
in the near future on account of the availability of natural gas. Regulations 
prohibiting the waste of natural gas and the urge for additional markets 
will lead to the construction of more long-distance pipe lines from the 
producing fields to centers of consumption. This gas will find industrial 
and domestic use, and it will displace oil as well as coal. As natural gas 
approaches exhaustion, gas from coal will take its place. 

3. The convenience and uniformity of automatic heating of homes 
with gas or oil will continue to attract more users, even at higher costs than 
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those prevailing today. The insulation of houses has been improved 
greatly, and future homes will permit higher unit cost of fuel without 
increasing the total heating bill. 

Stoker-fired domestic furnaces, now in their beginning, eventually will 
give automatic service at a lower cost than that for oil or gas. High- and 
low-temperature cokes will supplement anthracite as solid smokeless fuel. 
Smokeless fuels and automatic furnaces will clear the atmosphere of smoke 
in the better residential districts. 

Just how the large low-income group which now burns raw coal will 
become users of the higher-priced smokeless fuels is not clear. Possibly, 
the municipality will subsidize plants for the production of smokeless fuels 
that can be sold for hand-fired furnaces and stoves at a moderate advance 
above the cost of raw bituminous coal. 

On the whole, coal, because it is the cheapest fuel, will continue to 
contribute the major portion of the fuel used for house-heating and miscel- 
laneous manufacturing, although further displacement by oil and natural 
gas probably will follow in the next few years. 

4. In 1929, 88 per cent of the railroad fuel was coal; since then Diesel 
locomotives have been adopted by several railroads for light-weight, high- 
speed passenger trains; an increase in Diesels for such service is expected, 
but no general change in freight haulage from steam to Diesel power is 
likely to take place. Further improvements in the over-all efficiency of 
the steam locomotive and a gradual increase of electrification will retain 
the use of coal for freight traffic throughout the age of oil and natural gas. 

5. Marine transportation is energized by oil. Approximately three- 
fourths of the marine fuel used in 1936 was oil, and 40 per cent of this oil 
was used in Diesel engines. ‘This trend will continue. The convenience 
and economy of Diesel-engine drive for ships and boats is such that its use 
will continue éven after declining production of petroleum requires the 
production of Diesel fuel from shale or coal. 

6. Finally, I come to the most interesting question of all: our motor- 
fuel supply. Snider and Brooks have predicted the probability of a con- 
siderable shortage of domestic petroleum by 1945;! and they state that, 
“The prospect is apparently for a continuation or only a slight modification 
of the present situation until a shortage of domestic petroleum materializes. 
Domestic petroleum will then gradually be replaced by imports and sub- 
stitutes in relative proportions and at price schedules not now predictable 
beyond a practical certainty that the prices will be appreciably higher than 
the present ones.” 

From the very beginning of the automobile industry, recurring threats 
of shortage of gasoline were met—in the field, by finding new pools and im- 


1L. C. Snider and B. T. Brooks, “Probable Petroleum Shortage in the United States and Methods fot 
Its Alleviation,” Bulletin, Am. Assn. Petroleum Geologists, Vol. 20, p. 49 (1936). 
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proving production technique, and in the refinery, by increasing yields and 
making a more efficient product. The end has not been reached. We are 
just beginning to use scientific methods in extracting oil from the sands, 
and polymerization and hydrogenation eventually will furnish the means 
for complete conversion of volatile liquids and heavy petroleum to 
gasoline. 

Although such complete conversion is possible, recent development of 
the Diesel engine into a light mobile motor is likely to change this trend. 
The sales of Diesel engines in terms of rated horse-power increased from 
750,000 in 1934 to 1,830,000 in 1936. Sixty-four per cent of the horse-power 
sold in 1936 was applied to portable or automotive equipment and con- 
sisted of units of less than 100 hp. Due to the higher thermal efficiency of 
the Diesel engine and to the fact that it can use the heavier fractions now 
employed as cracking stock for gasoline, approximately three times the 
mileage should be obtained from a gallon of crude oil utilized for Diesel 
fuel than is obtained by conversion to gasoline. 

Continuation of present trends toward Diesel power for other purposes 
also will increase the demand for the heavier oils, resulting in a material 
shift in future refinery operations. Obviously, economic considerations 
favor the development of that combination of motor and fuel which con- 
verts the greatest portion of the energy in the original petroleum into useful 
work from the finished fuel. 

These improvements, and others yet to come, will add their bit to 
extending our petroleum reserves. As demand exceeds supply, and prices 
rise, supplemental fuels of similar characteristics from other sources will 
come in. These sources are coal, oil shale and vegetable materials. 

Increasing demand for Diesel oil and cracking stock will foster coal 
carbonization, with maximum recovery of liquid by-products. Then as 
needs increase, hydrogenation of low-temperature tar, shale oil, and coal 
itself and the synthesis of hydrocarbons from water gas and alcohol from 
fermentation processes will take over as much of the load as may be re- 
quired. 

It is possible also that producer gas from active forms of solid fuel, 
such as low-temperature coke and lignite char, will find a place on heavy 
vehicles operating on steady service, such as trucks and busses. Gas- 
producer-operated vehicles are being tried in Europe at present; while 
lacking in convenience and flexibility, the fuel cost is very low. 

Reliable information on the cost of making gasoline from coal in 
British and German plants is not available, but it is believed that it is 
three or four times the present cost of producing gasoline from petroleum 
in the United States. These costs will be reduced by further research, but 
no other liquid motor fuel, whether it be from coal, oil shale, or vegetable 
matter, can hope to be as cheap as our present petroleum fuels. 
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Ingenious as they are, the Bergius and Fischer processes are thermally 
wasteful methods for obtaining power from coal. About 4 tons of coal 
are required for the manufacture of 1 ton of gasoline by the Bergius method. 
The gasoline obtained contains only 40 to 45 per cent of the energy in the 
coal used; and the recovery by the Fischer process is even less. Therefore, 
from a conservation point of view, it is desirable to delay, as far as possible, 
the day of making gasoline from coal, not by arbitrary reservation of 
petroleum for automotive fuel, but by intensive research on promoting the 
use of coal. 

Robinson! estimates that 10 to 12 million dollars is spent annually 
on research and development in the refining of petroleum. Even more 
should be expended on the preparation and direct utilization of coal. 
Marvelous strides have been made in power generation in central stations. 
Little has been accomplished in commercial utilization and domestic heat- 
ing. Low cost is an important advantage of coal. Research should find 
a way to obtain heat automatically from coal as effectively as from gas or 
petroleum. Even today, Diesel engines burning coal dust give some 
promise of eventual use. Problems due to the ash-forming materials in 
coal are difficult but not impossible to solve. Such engines, while not 
suitable for automobiles, would be highly efficient in the generation of 
power in small stationary plants. 

Fortunately, the coal industry is beginning to appreciate the value 
of research, and a comprehensive program may be expected. It should 
result in a more rational utilization of the national fuel reserves. Our 
gas, oil, and coal have energized an industrial civilization on a magnificent 
scale. Scientists, engineers, and an enterprising business organization have 
modified these materials to meet our every need; and finally, we are 
awakening to the need of conserving these resources wisely so that the 
generations of tomorrow will have better fuels than we of today. Future 
scientists may unlock undreamed of powers, but we as engineers should 
plan on the basis of the resources known today. . 
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Society activities for the year ending with this annual meeting: 


ANNUAL REPORT OF THE EXECUTIVE COMMITTEE 


The Executive Committee offers the following report on general 
Membership: 

The membership of the Society on June 1, 1937, was 3992. Statistics 
showing gains and losses in the various classes of membership are as follows: 


Membership Losses Additions Total 
Class of Membership 
June 1,|June1,} Resig- | Dropped} Death |Trans- | Trans-| Elec- | Loss | Gain | In- 
1936 | 1937 | nations fer fer tion crease 
Company, Firm, etc........... 911 982 15 2 er 6 ll 83 23 71 
SS eee 2766 2933 107 45 26 ll 14 342 189 | 356) 167 
43 4 4 9 29 17 29 12 
3741 | 3992 126 51 26 26 26 454 229 | 480] 251 
204 282 20 89 11 198 120 | 198] 7% 


The net gain for the year of 251, compared with the corresponding 
figures of 129 a year ago and 43 for two years ago, is indicative of the 
accelerated pace at which recovery in membership has taken place since 
the losses during the depression. Elections to membership have con- 
tinued to increase, the figure for this year being 454 compared to 334 and 
319 for the past two years. Losses from resignations and delinquencies 
were the lowest for many years, totaling 177, compared with 183 the 
previous year and 250 reported two years ago. The number of student 
memberships increased during the year from 204 to 282, a net gain of 78. 

The American Chain and Cable Co., Inc. acquired a sustaining mem- 
bership during the year, bringing the total of such members to eleven. 

Every effort has been made by the Executive Committee to keep in 
touch with all members who resigned or were dropped in recent years due 
to financial considerations and to have them resume their membership in 
the Society. Some 200 members have thus been reinstated in the past 
several years. While efforts in this direction will be continued, it is clear 
that we must look to individuals and companies becoming newly interested 
in the testing of materials to fill up the ranks of membership depleted by 
losses during the four years of depression. 

It is interesting to observe in this connection that many new members 
are coming into the Society because of expansion of our work into new 
fields discussed farther on in the report. These new fields should be 4 
fertile source of new members in the next few years. 
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Again the Executive Committee wishes to express its sincere apprecia- 
tion of the interest that so many members of the Society have taken in 
this important work of building up the Society membership. The dis- 
trict committees have been particularly helpful. 


The Society has lost the following members through death: . 
eral 


DATE oF DATE OF 
MEMBERSHIP MEMBERSHIP 

Brazer, G. Herbert.......... 1906 1925 

1903 Langenberg, Frederick C..... 1920 

stice Campbell, William.......... . 1903 1936 

SUG Chancellor, William C....... 1934 Paisley, John W............. 1914 

OWS: Chap, B........... 1918 Pieraccimi, Frankk............ 1933 

Gil, Augustus H............ 1905 Roberts, Charles C.......... 1923 

Green, Paul Evans.......... 1919 Sargent, George W.......... 1910 

ae Gregory, John H............ 1906 Schall, Frederick E.......... 1908 

In- Hall, Charles Ward.......... 1911 , 5 » re 1936 

— Hammond, George T........ 1910 Tung, Teng-Shan............ 1928 

. 1918 Wadleigh, Francis R......... 1908 

- Hill, Nicholas S., Jr.......... 1909 Weld, Dana Porter.......... 1934 


2 Among these members are many who contributed greatly to the 
= work of the Society. John Brunner was active for many years in the 
n work of Committee A-1 on Steel and served twice on the Executive Com- 
mittee, from 1913 to 1915 and again from 1916 to 1918. William Campbell 


ding was the dean among non-ferrous metallurgists and was chairman of Com- 
the mittee B-2 on Non-Ferrous Metals and Alloys from its organization in 
— 1909 to his retirement from active leadership in 1934, at which time he 
—_ was elected honorary chairman. He was a member of the Executive 
and Committee from 1924 to 1926. J. C. Ramage had been active in many 
— committees of the Society and had served on the Executive Committee 
the from 1932 to 1934. A. H. Gill was active in the Society in its earlier days 
“' and was chairman of Committee D-2 on Petroleum Products and Lubri- 
wate cants, formerly known as Committee N, from 1906 to 1913. George T. 


Hammond had been a member of Committee C-4 on Clay Pipe for many 
: years and its chairman since 1929. F. P. Ingalls was one of the pioneer 
ee members of Committee D-1 on Paint, Varnish, Lacquer and Related 


due Products. F. C. Langenberg served on a number of the metals com- 
due mittees and on the Executive Committee from 1927 to 1929. F. R. Wad- 
past leigh had long been active in the field of coal and coke. 

clear The Executive Committee has elected three honorary members of the 
= Society, of which announcement will be made at the opening session of 

d by the annual meeting. 

bers Committee Activities: 
new The Society completes at this annual meeting a year of exceptional 

be a accomplishment in its committee work, both in research and standardiza- 


tion activities. As usual, the annual reports of two administrative com- 
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mittees, E-9 on Research and E-10 on Standards, supplemented by reviews 
that will appear in the July and October issues of the Bulletin, give a general 
summary of these activities. This report, therefore, will deal briefly with 
various administrative matters concerning the standing committees. 

It has been decided, upon the suggestion of the Executive Committee 
with the approval of both committees, to merge Committee C-3 on Brick 
and Committee C-10 on Hollow Masonry Building Units into a single 
committee on manufactured masonry units. The fields of jurisdiction of 
the two committees are at present not well defined; there are several 
masonry products, such as glazed building units, double brick and other 
forms sometimes designated as tile and sometimes as brick, which might 
properly be considered to lie within the field of either committee, thus 
making it difficult satisfactorily to define the scopes of the two committees. 
Under one committee the question of jurisdiction over these products 
disappears. Moreover, essentially the same groups of consumers and 
general interests are involved in the testing and specifying of the products 
now considered by the two committees. The idea of merging the two 
committees has met with approval on the part of substantially all who 
have been active in the committees’ work. A reorganization committee 
under the chairmanship of J. W. McBurney, comprising members from 
each committee, has been appointed with authority to bring about the 
formation of the new committee, which may be accomplished at a joint 
meeting of Committees C-3 and C-10 to be held during the present annual 
meeting. 

The scope of Committee B-4 on Electrical-Heating, Electrical-Resist- 
ance and Electric-Furnace Alloys has been extended to include methods 
of test and specifications for metallic materials used in the manufacture 
of radio tubes and incandescent lamps, this having come about through 
requests from the Radio Manufacturers Association that the Society 
develop such tests and specifications. Most of the metals involved are 
of the heat-resistance and electrical-resistance type covered by Com- 
mittee B-4. This, together with work by Committee D-9 on insulating 
materials for radio, comprises an important extension of A.S.T.M. standard- 
ization work into a rapidly developing field. 

Expansion of Society work into new materials fields is taking place 
quite rapidly. At the 1936 annual meeting Committee D-12 on Soaps 
and Detergents was organized under the chairmanship of H. P. Trevithick 
and will present its first report to the Society this year. Committee D-18 
on Soils for Engineering Purposes was organized last November under the 
temporary chairmanship of C. A. Hogentogler; at the committee’s second 
meeting last March H. F. Clemmer was elected chairman. The committee 
is actively engaged in studying various methods of testing soils. The 
following statement of scope has been adopted: 
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It will come within the jurisdiction of Committee D-18 to establish methods of 
sampling and methods of testing soils for engineering purposes, to consider the use of 
test results in specifications, to select acceptable nomenclature and definitions, and 
to promote research activity in the general field of properties and behavior of soils 
for engineering purposes. 

It will be the policy of this committee to avoid, in so far as it is possible, control 
over methods of design of engineering structures and all those features of general 
practice in the use of soil as an engineering material which may not compromise 
methods of sampling and testing. It will, however, be considered within the scope 
of the committee’s work to promote by every desirable means the close cooperation of 
other organizations and committees whose field of endeavor is closely allied to that 

f soil testing. 

Three new committees will be organized during the present annual 
meeting: Committee D-6 on Paper and Paper Products, Committee C-14 
on Glass and Glass Products and Committee D-20 on Plastics. The first 
of these, Committee D-6, has been under development for the past year 
under the temporary chairmanship of Roger C. Griffin. It is expected 
that its initial work will deal with paper testing methods and nomenclature, 
interpretation and significance of test methods, and methods of test and 
specifications for certain types of paper products, such as multi-wall paper 
bags and paper and fiber-board shipping containers. ‘The subcommittee 
on paper shipping containers was in fact organized during the Chicago 
Regional Meeting last March, and will deal with paper and fiber-board 
for containers, as well as the containers themselves, jurisdiction over the 
latter having been transferred from Committee D-10 to Committee D-6. 

The second new committee, C-14 on Glass and Glass Products, was 
authorized by the Executive Committee last January following a proposal 
from the American Ceramic Society that an A.S.T.M. committee in this 
field be organized to develop American standards pertaining to glass and 
glass products and to act as the channel of Americe: participation in 
international standardization activities pertaining to glass. Glass is 
rapidly assuming an important place as a material of engineering and there 
isa real need for recognized standards. Excellent progress has been made 
in bringing together a representative personnel of producers, consumers 
and general interests under the temporary chairmanship of George W. 
Morey and in planning the immediate organization of six subcommittees 
that will deal with nomenclature; chemical analysis; chemical, physical 
and mechanical, and thermal properties; and glass construction block 
and tile. 

The third new committee, D-20 on Plastics, was likewise authorized 
at the January meeting of the Executive Committee. The desirability 
of A.S.T.M. work in this rapidly developing field has of course been appre- 
ciated for some time, and in recent months a suitable opportunity was 
presented for organizing a committee to deal particularly with methods 
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of testing plastics. W.E. Emley has been designated as temporary chair- 
man. Much interest has been expressed on the part of both producers 
and consumers. 

It is interesting to note that each of these three materials—paper, 
glass and plastics—has been studied for some years by Committee D-9 on 
Electrical Insulating Materials from the viewpoint especially of electrical 
properties, but including also certain physical and mechanical properties 
important in the use of these materials for electrical insulation. In each 
case Committee D-9 will retain jurisdiction over standards involving 
electrical properties and will cooperate with the new committees in the 
development of standards for other properties, which will be under their 
respective jurisdiction. 

The Executive Committee has also authorized the organization of a 
standing committee on thermal insulating materials—another field in 
which inquiry among members of the Society has indicated the need for 
standard methods of test. It is intended to exclude the subject of high- 
temperature thermal insulating materials from the scope of the new com- 
mittee, since Committee C-8 on Refractories covers that field. Progress 
towards formal organization is being made. 

The Joint Committee on Effect of Phosphorus and Sulfur in Steel, 
having completed all it could do so far as present commercial demands are 
concerned, was discharged with the approval and thanks of the various 
cooperating bodies. 

Committee D-1, whose title was changed a year ago from “ Preserva- 
tive Coatings for Structural Materials” to “Paint, Varnish, Lacquer, and 
Related Products,” has developed in connection with certain subcommittee 
reorganization reported last year' a method of dealing with inactive sub- 
committees in charge of standards that is worthy of special note. It 
occasionally happens that a subcommittee that has written one or more 
standards reaches a point where there is no useful work ahead of it. Stand- 
ing committees in the past have hesitated between two alternatives: to 
discharge the subcommittee, leaving the standards without an immediate 
sponsor in the committee; or to continue the subcommittee with nothing 
to do, which has a somewhat demoralizing effect upon the subcommittee 
members. Committee D-1 to meet this situation proposes, on discharge 
of any subcommittee responsible for the development of existing standards, 
immediately to appoint one member having an active interest in the affairs 
of Committee D-1 as an “adviser,” with the following duties: 


(a) To review annually all existing standards for which the subcommittee in 
question, during its life, was responsible. 

(b) To report at the spring and annual meetings in the same manner as do sub- 
committee chairmen, upon the standards under their jurisdiction, and to bring to 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 383 —384 (1936). 
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the attention of Committee D-1 any developments that might necessitate alteration 
of an existing standard for which a discharged subcommittee had been responsible, 


and to request in such an event the reappointment of a subcommittee to give the 
matter consideration. 


(c) To retain a list of members of the subcommittee at the time of its discharge, 
in order to communicate with them in the event change in a standard in which they 
had an interest was to be given consideration. 


(d) To give consideration to questions pertaining to the standards under their 
jurisdiction that are received from time to time by the office of the Secretary. 


One such adviser has already been appointed in Committee D-1, and 
it will be interesting to follow the development of this procedure. 

Scopes of Committees——The expansion of the Society’s committee 
work and the unavoidable overlapping of the fields of certain committees, 
with consequent need of coordination and cooperation between committees, 
has shown the desirability of adopting formal statements of scope for all 
committees and of publishing such statements in suitably concise form in 
the Year Book. During the year scope statements were prepared by the 
committees which after editing were distributed among all committee 
officers for final review before publication. The following general state- 
ment on the functions of standing committees of the Society will also be 
published on a separate page in the Year Book preceding the listing of the 
personnel of standing committees: 


The standing committees of the Society have the broad functions of promoting 
the knowledge of materials of engineering and the formulation of standard methods 
of test, specifications, definitions and recommended practices relating to such ma- 
terials. ‘The advancement of knowledge of the properties of materials is effected 
through investigations carried on by the committees or sponsored by them. The 
obtaining of accurate technical information on the characteristics of engineering 
materials is fundamental and serves as a basis for the standardization work, which 
comprises the following: 

1. The development of suitable analytical procedures, sampling techniques, and 
methods of test for determining the constitution, structure or properties of materials. 

2. The formulation of specifications defining the quality and characteristics of 
materials. 

3. The formulation of standard definitions and systems of nomenclature. ; 

4. The preparation of recommended practices governing certain methods and 
processes not ordinarily subject to contract. 

The scope of activities of each of the individual standing committees is indicated, 
particularly as to the materials falling within the jurisdiction of each. In general, 
the committees are interested in both standardization and investigative work, except 
in those instances where some limitation is definitely indicated. 


Standard Samples.—As reported to the Society a year ago,' the Execu- 
tive Committee has been considering the interest of the Society in the 
preparation and maintenance of standard samples of materials for use in 
checking methods of analysis and test—a work that the National Bureau 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36 Part I, p. 46 (1936). 
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of Standards has been doing for many years. There are a number of 
materials for which the Society has written standard methods of analysis 
that are not represented in the Bureau’s list of standard samples. In many 
of these cases standard samples are not considered necessary; in others, 
technical difficulties or lack of required funds have stood in the way of 
establishing a standard sample. 

During the year, as a step in the study of this problem, the standing 
committees were asked, first, whether the standard samples that have so 
far been prepared by the Bureau are adequate and satisfactory with respect 
to the materials in which the committees are interested; second, whether 
there are any materials of interest to the committees for which standard 
samples have not been prepared by the Bureau; and third, if so, whether 
the committees will be prepared to lend their support and that of their 
members in aiding the Bureau to establish such standards. The returns 
from this questionnaire showed that about twenty committees are inter- 
ested in standard samples. ‘There was very general agreement that the 
present samples are satisfactory, and a number of suggestions for new 
standard samples were made with offers of cooperation from certain of the 
committees. A report prepared by the Secretary-Treasurer summarizing 
the results of the questionnaire with recommendations for action was 
reviewed by a special committee of the Executive Committee headed by 
W. R. Webster, and the following report of that committee has been adopted 
by the Executive Committee as an expressic 1 of policy to guide the Society 
in further development of this subject: 


There is evidence that the existing standard samples such as 
established by the National Bureau of Standards serve a useful pur- 
pose, and that there is a substantial demand for additional samples. 
However, it is not a proper function of the Society to be directly in- 
strumental in extending the list. The Society will in general look to 
the Bureau of Standards for the development of such standard samples 
and is prepared to cooperate with the Bureau in this activity. 

The demand for such standard samples should come from the 
individual committees concerned. Preliminary negotiations looking 
into the feasibility of the standard should be between the standing 
committees and the Bureau, confirmed by the Secretary-Treasurer 
after agreement has been reached with the Bureau. 

It will be necessary for each committee to provide the material 
for each sample. 

It is desirable wherever standard samples are available that men- 
tion be made of this fact in connection with any A.S.T.M. methods 
of analysis or test where they are applicable. This type of reference 
could also be supplemented with complete lists of standard samples 
available, wherever the publication of such list seems to be appropriate. 
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The Bureau of Standards has given its cordial assurance that it will 
welcome the help of the Society in the establishment of standard samples, 
and the matter will be taken up with the Bureau and the interested stand- 
ing committees. Indeed, one project is now under way, namely, the 
establishment of a reference sample of silica brick for specific gravity 
determinations, in which Committee C-8 on Refractories and Committee E-1 
on Methods of Testing are cooperating with the Bureau. sits 
Patents Affecting Standards: 

The note that has heretofore appeared on certain standards covering 
materials or processes known or believed to be patented, in accordance with 
rulings noted in Section 16 of the Regulations Governing Standing Com- 
mittees, has been modified slightly as to wording, as follows: 


By publication of these specifications, the American Society for Testing Materials 
does not undertake to insure anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such liability, and such publication 
should not be construed as a recommendation of any patented or proprietary appli- 
cation that may be involved. 

In connection with the revision of this note, some consideration was 
given to suggestions that it should be made more specific in certain cases 
where not only composition but such things as processes of casting, fabri- 
cating and heat treatment are the subject of patents. It was finally con- 
cluded that such elaboration of this note might lead to serious difficulties 
and that it was better for the note to be general and not too specific. 

It has been decided to include the following note on the flyleaf of the 
Books of Standards and Tentative Standards, Part I of the Proceedings 
(containing new and revised tentative standards) and the various com- 
pilations of standards, in order that all users of Society publications con- 
taining standards may be put on notice respecting the Society’s policy in 
these matters: 

Nothing contained in any publication of the American Society for Testing Ma- 
terials is to be construed as granting any right, by implication or otherwise, for manu- 
facture, sale or use in connection with any method, apparatus or product covered by 
Letters Patent, nor as insuring anyone against liability for infringement of Letters 
Patent. 

Last year Committee D-2 on Petroleum Products and Lubricants sub- 
mitted with its annual report, for publication as information, proposed 
methods of test for kinematic viscosity involving two alternative instru- 
ments, one of which was of the suspended level type covered by United 
States Letters Patent 2,048,305 granted to Dr. Leo Ubbelohde. Under a 
previous ruling of the Executive Committee,! permission to publish these 


. .'“Where the patented instrument, appliance or machine concerned is one of two or more alternative 
instruments, at least one of which is not patented, the Executive Committee will permit reference to such 
patented instrument in the belief that the interests of the user of the standard are fully protected against an 
undesirable patent monopoly in that he can use at least one unpatented instrument in accordance with the 
Provisions of the standard.’’—Sec. 16, Regulations Governing Standing Committees. 
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methods was given. After a study of the methods during the year in co- 
operation with Committee D-2, the Executive Committee has approved 
with certain stipulations a form of license agreement proposed by the Fish- 
Schurman Corp., American representative of Doctor Ubbelohde authorized 
to grant licenses under the patent, under which that Corporation will 
license the manufacture and sale of the suspended level viscosimeter. The 
agreement stipulates that viscosimeters manufactured under such license 
must meet current standards of the Society therefor. The Executive 
Committee has accordingly approved the submission by Committee D-2 
in its current annual report of proposed methods of test for kinematic 
viscosity including the suspended level viscosimeter, for acceptance by the 
Society as tentative. 


Specifications for High-Early-Strength Portland Cement: 


The Executive Committee, as directed by action of the annual meeting 
of the Society last year, reviewed, after approval by Society letter ballot, 
the provisions of the proposed revised specifications for high-early-strength 
portland cement pertaining to the proposal for testing such cement con- 
taining additions, and with a minor editorial change approved the revised 
specifications for publication as standard. This action was reported to 
the Society in the October, 1936, Bulletin. Under the terms of this speci- 
fication' as adopted by the Society, Committee C-1 on Cement is em- 
powered to prescribe and carry out tests to determine whether a proposed 
addition to high-early-strength portland cement “not to exceed 1 per cent 
of other materials” is ‘shown not to be harmful.” Committee C-1 des- 
ignated the Cement Reference Laboratory as the agency to make such 
tests. A form of application for test has been adopted by the Executive 
Committee after consultation with the Subcommittee on Tests of Additions 
to Cement of Committee C-1, which embodies terms and conditions of 
tests that protect the interests both of the Society and the applicant. The 


current annual report of Committee C-1 contains further reference to this 
subject. 


Proposed Revisions of the By-laws: 
The Executive Committee recommends that the By-laws of the Society 
be revised as indicated below: 


Article I, Section 3.—Change the second paragraph to read as follows 
by the omission of the words in brackets: 


A Junior Member shall have the same rights and privileges as a Member, except 
that he shall not be eligible for office, and his status shall be changed from that of 
Junior Member to Member at the beginning of the fiscal year next succeeding the 
date on which he attains the age of twenty-seven years [provided that a Junior Member 


Standard Specifications for High- Portland Cement (A.S.T.M. Designation: 
C 74-36), 1936 Book of A.S.T.M. Standards, Part I 
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holding membership at the date of adoption of this Section! shall be continued under 
that status until the beginning of the fiscal year next succeeding the date on which 
he attains the age of thirty years]. 

[! This Section was adopted on September 1, 1919.] 


Article VII, Section 2.-Change to read as follows by the omission of 
the words in brackets: 


2. The entrance fees, payable on admission to the Society, shall be $10 for Sustaining 
Members and Members and $5 for Junior Members. The transfer fee, payable upon 
transfer from one grade of membership to another, shall be the difference between 
the corresponding entrance fees [provided that the payment of such transfer fee shall 
not be required of any Junior Member holding membership at the date of adoption 
of this section!]. 

[t This Section was adopted on September 1, 1926.] 


The provisions it is proposed to delete from these two articles are no 
longer operative since there are in the Society now no Junior Members to 
whom these provisions apply. 


Article III.—Change the last sentence of Section 4 to read as follows 
by the addition of the italicized words and the omission of those in brackets: 


The nominations shall be announced to the members through a notice issued 
[during the last week in April] on or before May 5. 


Change Section 5 to read as follows by the addition of the italicized 
figure and the omission of the figure in brackets: 


5. Further nominations, signed by at least 25 members, may be submitted to the 
Secretary-Treasurer in writing by May [20] 25 and a nomination so made, if accepted 
by the member nominated, shall be placed on the official ballot. 


Change the first sentence of Section 6 to read as follows by the addition 
of the italicized figure and the omission of the figure in brackets: 
An official ballot shall be issued to the members between May [20] 25 and June 1, 


which ballot shall contain names of nominees made according to the provisions of 
this Article. 


In explanation of these revisions, it is desired to publish early in May 
the Bulletin appearing heretofore at the end of April. Since this Bulletin 
contains the formal announcements of nominations of officers the change in 
Section 4 is necessary, and this change makes desirable the changes recom- 
mended in Sections 5 and 6. 

Article VI.—In Section 1 change the third sentence of Paragraph (c) 
to read as follows by the addition of the italicized words and the omission 
of those in brackets: 

_ During consideration of an action upon the recommendations of a standing com- 
mittee, [two designated representatives of the standing committee shall serve as 
members of the Committee on Standards, with full privileges of discussion and vote] 


the standing committee may designate een to present the conmaeeemel in 
person, but without right to vote. 
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This revision is proposed upon the initiative of Committee E-10 on 
Standards, as a result of the committee’s experience since its organization 
in 1929. The committee believes that since its function in passing upon a 
standard proposed by a standing committee is primarily the judicial one of 
determining whether all requirements relating to the preparation and sub- 
mission of the standard have been met and whether a substantial consensus 
of the standing committee has been reached, rather than to pass upon the 
technical merits of the standard, it is incompatible with this function that 
the two designated representatives of the standing committee provided for 
at present should have the privilege of voting. It is at the same time 
desirable that representatives of the standing committee present the recom- 
mendations in person. While the Executive Committee concurred in this 
position, it first submitted the proposal to the officers of all standing com- 
mittees for comment, including the membership of Committee E-5 on 
Standing Committees. All replies received from committee officers were 
favorable, and the Executive Committee accordingly asks the Society to 
make this change in the standardization procedure. If approved, an 
identical change in Section 15 (c) of the Regulations Governing Standing 
Committees will be made. 

To conclude, the Executive Committee recommends that the above- 
cited proposed revisions of the By-laws be referred to letter ballot of the 
Society for adoption. 


District Committees: 


The eight district committees of the Society have been functioning for 
two years under the revised charter promulgated by the Executive Com- 
mittee in 1935. Experience indicates that under this charter the district 
committees can do much useful work in the interest of A.S.T.M. Most of 
the district committee activities have been reported currently in the 
Bulletin, including an account of local and district meetings held under 
their sponsorships, to which further reference is made in the following section 
of this report. Certain other activities do not lend themselves to description 
in this way but are nevertheless effective and valuable, including member- 
ship work in which several of the committees have been actively interested. 

During the Regional Meeting of the Society in Chicago in March, 1937, 
a conference of officers of district committees was arranged, at which a 
number of items of mutual interest to the district committees were discussed 
and suggestions made for consideration during the coming year. It was 
felt that this conference was quite successful and it is planned to make it a 
feature of succeeding Regional Meetings. 

In the summer of 1936 W. M. Barr, formerly a member of the Executive 
Committee, visited the Southern California and Northern California 
District Committees, reviewed their activities and discussed with the 
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committees a number of problems that had arisen in their work. This 
personal conference was extremely helpful to both the Executive Committee 
and these two far-removed district committees. 


Meetings and Local Activities: 

Since the thirty-ninth annual meeting last June at Atlantic City, the 
eighth Regional Meeting was held at the Palmer House, Chicago, March 2 
and 3, 1937, under the auspices of the Chicago District Committee. The 
technical features of the meeting were a Symposium on Corrosion Testing 
Procedure, developed under the auspices of Committees A-5 on Corrosion 
of Iron and Steel and B-3 on Corrosion of Non-Ferrous Metals and Alloys, 
and a Symposium on Lubricants, developed under the auspices of Technical 
Committee B on Motor Oils of Committee D-2 on Petroleum Products and 
Lubricants. The first symposium comprised one session on March 2; the 
second comprised two sessions on March 3. The attendance of about 350 
at each session was indicative of the keen interest in the subjects discussed. 
The Lubricants Symposium papers with discussion are now being edited 
for publication as a separate Regional Meeting volume. Discussion on the 
corrosion testing papers is being continued at one of the sessions of the 
present annual meeting, after which these papers and discussions will be 
taken in hand for publication. The March, 1937, Bulletin gives an account 
of the various activities associated with this very successful Regional 
Meeting. 

The Spring Group Meetings of Committees were also held at Chicago, 
March 1 to 4, inclusive. About 150 meetings of main committees, sub- 
committees and sections were held; the total registered attendance, 
exclusive of visitors to the two symposiums, was 588. The committee 
meetings were uniformly well attended and the committees accomplished 
a great deal of work. 

A number of interesting local meetings have been held this year under 
the auspices of the district committees. Accounts of these meetings have 
appeared currently in the Bulletin but it is desired to record the meetings 
here with an expression of appreciation from the Executive Committee for 
this helpful form of activity. On September 17, 1936, members of the 
Society in the Northern California District participated in a combined 
dinner meeting in San Francisco with the Purchasing Agents Association 
of Northern California, at which Welding was the topic of discussion. 
On January 28, 1937, a meeting was held in Cleveland under the joint 
auspices of the Cleveland District Committee and the Cleveland Section 
of the American Society of Mechanical Engineers, at which several papers 
on The Making of Specifications were presented, including one by Presi- 
dent A. C. Fieldner. The four papers were published either in full or in 
abstract in the March Bulletin. On February 25, 1937, a dinner meeting 
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was held in Pittsburgh under the auspices of the Pittsburgh District Com. 
mittee, at which the subject of Glass was featured. The three papers 
read at the meeting were likewise published in the March Bulletin. 

On April 5, 1937, the Philadelphia District Committee sponsored a 
Symposium on Wear of Metals, at which six papers were presented at 
afternoon and evening sessions held at the Engineers’ Club of Philadelphia. 
A dinner was held between the sessions. These papers developed a great 
deal of worth-while information and together with the discussion will be 
published as a separate technical pamphlet. On April 8, 1937, a meeting 
was held in Detroit under the auspices of the Detroit District Committee, 
at which the principal address was on Recent Progress in Rubber Tech- 
nology, which was published in the April Bulletin. 

The President attended all of these local meetings, save that held in 
San Francisco, and brought appropriate greetings from the Society to the 
members and guests present. ‘These meetings have served excellently 
the dual purpose of affording an occasional opportunity for members of 
the Society in a given locality to get together as A.S.T.M. men for the 
discussion of some materials topic, and of acquainting other engineers 
and scientists who attend as guests with the purposes and activities of the 
Society. They are proving to be quite an effective means of promoting 
the welfare of the Society, and the district committees are to be com- 
mended for their initiative in holding them and in putting so much of 
technical value into the programs. 

Finally, the New York District Committee, suitably enlarged for the 
year into a New York Committee on Arrangements, is acting as host to 
the Society at the present annual meeting in New York City. Through the 
organization of committees on Entertainment, Program, Finances, Publicity, 
Exhibit, Membership and Ladies Entertainment, these New York members 
have been working for months to make this annual meeting one that the 
Society will long remember. No efforts are being spared to make the 
meeting a pleasant one for both the members and their ladies, as is evident 
from the entertainment programs that have already been announced. ‘The 
thanks of the Executive Committee are tendered to each member of the 
New York Conumittee. 


Publications: 


The publication work of the Society is in the very nature of things its 
most important single activity, since the publications represent the result 
of all the efforts of our committees and the members who present papers 
and discussions. It has become more or less trite to refer to this work as 
active; it is no exaggeration to say, however, that the publications of the 
Society are growing both in volume and in industrial and technical value 
with each year. The year that closes with this annual meeting has sur- 
passed any previous year in the volume of publications issued. 
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The following regular publications were issued and distributed to the 
members: 


1936 Proceedings: Part I (Committee Reports), 1259 pages; Part II (Technical 
Papers), 852 pages; total 2111 pages, 4250 copies each part; in addition to preprints 
of reports and papers totaling approximately 1150 pages. 

1936 Book of A.S.T.M. Standards; Part I (Metals), 916 pages, two insert plates; 
Part II (Non-Metallic Materials), 1503 pages, four insert plates; total 2419 pages, 
7200 copies each part. 

A.S.T.M. Methods of Chemical Analyses of Metals, 260 pages, 1500 copies (a 
new publication). 

1937 Index to A.S.T.M. Standards and Tentative Standards, 120 pages, 12,000 
copies. 

Year Book, 246 pages, 2750 copies. 


Six issues of the A.S.T.M. Bulletin were published. The Book of 
AS.T.M. Tentative Standards (1422 pages, 1800 copies) and the Sym- 
posium on High-Strength Constructional Metals (132 pages, 2000 copies), 
the latter containing the papers and discussions at the Pittsburgh Regional 
Meeting in March, 1936, were published and furnished to members on order. 

A comparative statement of the volume of regular publications for 
the past four years follows: 


1933, 1934, 1935, 1936, 
PAGES PAGES PAGES PAGES 


1914 2288 2279 2111 

2348 2419 

Supplement to Book of A.S.T.M. Standards as 224 216 +198 

A.S.T.M. Methods of Chemical Analyses of Metals bicah ape 260 

Index to A.S.T.M. Standards and Tentative Standards. 124 160 

Year Book 248 246 

Book of A.S.T.M. Tentative Standards............. . 1164 1422 

Regional Meeting Symposium 121 132 
Report on Significance of Tests of Concrete and Concrete 

Aggregates 


5919 4297 4677 
* Date of publication of Index changed to January | of succeeding year. 


In pursuance of recommendations made by Committee E-6 on Papers 
and Publications and after conferring with a number of the committees and 
members interested, it was decided to publish in a separate volume all the 
methods of chemical analysis of metals, both standard and tentative, 
omitting them from the Books of Standards and Tentative Standards and 
the current Proceedings, and to make this separate volume available with- 
out charge to all members who request a copy. ‘This move seems to have 
met with instant approval from those members who are especially interested 
in having these methods readily available in most convenient form. About 
650 members have requested copies and in addition approximately 700 
copies have been sold to members and others. No criticisms of this method 


67 
pers 
od a = 
at 
reat 
be 
ting 
‘tee, 
ech- 
d in 
the 
ntly 
of = 
the 
eers 
the 
omn- 
of 
the 
to 
the 
ity, 
the 7500 
ent 
The 
the ~ 
its 
ult 
ers 
as 
the 
lue 
” of publication have been received, but final deci on its permanence 


68 ANNUAL REPORT OF EXECUTIVE COMMITTEE 


must be deferred until more experience has been gained with the pub. 
lication of revised editions in the future. 

In addition to the above there was published last March 1200 copies 
of the 200-page five-year Index to the Proceedings covering volumes from 
1931 to 1935, inclusive. An important special technical publication was 
issued comprising the papers and discussions in the Symposium on Radio- 
graphy and X-ray Diffraction Methods held during the 1936 annual meet- 
ing; 2000 copies of the 358-page book were published in January. 

During the past year the Society also published the following com- 
pilations of standards: 


A.S.T.M. Standards on Petroleum Products and Lubricants (Committee D-2 
378 pages, 3750 copies, published annually. 

A.S.T.M. Standards on Coal and Coke (Committee D-5), 147 pages, one insert 
plate, 1500 copies, published biennially. 

A.S.T.M. Standards on Electrical Insulating Materials (Committee D-9), 335 
pages, one insert plate, 700 copies, published annually. 


A.S.T.M. Standards on Textile Materials (Committee D-13), 301 pages, 1500 
copies, published annually. 


The three other compilations of standards that the Society has pub- 
lished, which complete this series, are those dealing with Refractory Ma- 
terials (Committee C-8), Rubber Products (Committee D-11), and Paints 
(Committee D-1) which were last published in 1935. These having been 
published heretofore on the biennial basis, it is expected that they will be 
reprinted in revised form this fall. 


Other reprints and special publications printed since the last annual 
meeting include: 


A.S.T.M. Manual on Presentation of Data (Committee E-1), 74 pages, 2000 
copies. 


Marburg Lecture “Developing American Glass” by Arthur L. Day, 16 pages, 
1000 copies. 


Data on Nominal Creep Strength of Steels at Elevated Temperatures (Com- 
mittee A-1), 34 pages, 1000 copies. 


Report of Committee A-5 on Corrosion of Iron and Steel, 16 pages, three insert 
plates, 1000 copies. 


This year it was possible to carry on vigorously the expansion of the 
A.S.T.M. Bulletin along lines that have been announced in previous re- 
ports of the Executive Committee to the Society. Several new features 
have been introduced in the Bulletin, as have doubtless been observed by 
the readers. The most important of these is the inclusion of papers of the 
following types: (1) Papers of a non-technical nature dealing with matters 
within the field of the Society and of current interest; (2) papers describing 
exploratory research which has not progressed to the point where publica- 
tion of a technical report in the Proceedings is justified; (3) papers describ- 
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ing a new application of an established test method or a technical description 
of a new testing instrument; and (4) papers offered for publication in the 
Bulletin by any of the standing committees for the purpose of eliciting dis- 
cussion more expeditiously and with greater continuity than can be ob- 
tained from annual publication. This list is not to be taken as excluding 
papers in other categories. During the past year a number of papers have 
been published in the Bulletin, including various ones presented at district 
meetings. For the first time several papers appearing on the program of 
an annual meeting will be published this year in the Bulletin. An increase 
in the budget appropriations for the Bulletin has made this expansion 
possible, although the increase in advertising income in the past year has 
gone far towards meeting the additional costs. 

Development of the Bulletin along these new lines will, of course, be 
done under the direction of Committee E-6 on Papers and Publications, for 
which purpose a Special Committee on Bulletin has been appointed con- 
sisting of W. E. Emley, chairman, C. L. Hippensteel and J. C. Pearson. 


Finances: 

Report for the Fiscal Year 1936.—The annual statement of the finances 
of the Society follows in the report of the auditors for the fiscal year Jan- 
uary 1 to December 31, 1936. 

Total receipts from dues and entrance fees in 1936 were $74,711.01, 
a net increase of about $4850 over the preceding year. Income from this 
source is, of course, increasing with the growth of membership that set in 
with 1935. Receipts from sales of publications totaled $45,290.29, which is 
by far the largest in the history of the Society. Each year for the past 
several years has seen a marked increase in this source of income, which is 
both fortunate and gratifying; fortunate in that it has offset the loss of 
income from reduced membership, and gratifying in that it demonstrates 
most convincingly the intrinsic value of the Society’s publications and the 
growing industrial demand for them. Income from this source is materially 
above the best records of pre-depression days and last year comprised 
slightly over one-third of the total income. Miscellaneous receipts 
amounted to $11,804.52, which includes substantially increased income 
from advertising in the Society Bulletin and the Index to Standards and 
Tentative Standards. ‘otal operating receipts were $131,805.82. Total 
operating disbursements with all current bills paid, as detailed in the 
auditors’ report, were $125,012.33, leaving a favorable balance between 
operating receipts and operating disbursements of $6793.49, which was 
added to the reserve funds of the Society. 

The report of the auditors gives the balance sheet of assets and liabili- 
ties, including special and designated funds (that is the Research Fund, 
Medal and Lecture Fund and Committee Funds); statement of receipts 
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REPORT OF THE AUDITORS FOR THE Fiscat YEAR, JANUARY 1, 1936, 10 
DECEMBER 31, 1936 


PHILADELPHIA, January 8, 1937 ; 
Mr. C. L. Warwick, Secretary-Treasurer 
AMERICAN SOCIETY FOR TESTING MATERIALS _ 
Philadelphia, Pa. 
Dear Sir: 


We have examined the books and accounts of your Society for the year ended Life 
December 31, 1936. The books and accounts were found correct and in satisfactory He: 
condition. Pul 

We have prepared the annexed Balance Sheet as of December 31, 1936, and Statement Sur 


of Cash Receipts and Disbursements for the twelve months ended that date, together with 
other supporting schedules. The schedules are in agreement with the records of your 


Society. 
Investments owned were verified by actual inspection and count and found to be | 

intact and in agreement with the schedule of securities owned as detailed. We verified the Speci 

collection of interest on investments owned for the year 1936, and found it fully . 
accounted for. Di 
Respectfully submitted, Ce 


(Signed) Joun HEINs AND Co, 


BALANCE SHEET AS OF DECEMBER 31, 1936 
(Including Special and Designated Funds) 
ASSETS 


General Funds: 

Less checks drawn as of De- 

cember 31, 1936—Cost of 

Proceedings in hands of Sec- 
retary-Treasurer that date. 14 000.00 


$6 943.82. 


Investments (Market Value, 


Accounts Receivable.................. 14 668. 66 
Total Current Assets—General Fund............. $51 379.71. 
6915.95. 
A.S.T.M.-A.S.M.E. Symposium on Effect of Temperature: ; 
Special Account for Financing Book.................... 1 420.25 
Special and Designated Funds: ™ 
Cash: A.S.T.M. Research Fund...............0- $1 568.49 19% 
Dudley Medal and Marburg Lecture Fund. 571.17 18 
7911.22 
—————. $10 050. 88 
Investments: 19 
A.S.T.M. Research Fund (Market Value, 
Dudley Medal and Marburg Lecture Fund , be 
(Market Value, $5,918.75)—Cost........ 6 625.00 
Committee Funds (Market Value, $6,377.50) 


Total Special and Designated cc 32 758.79 


$92,474.70 
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5 LIABILITIES 
» 10 General Funds: 
Current: Accounts Payable— a 
$82.47 
Commmittec 31.27 
937 International Association for Testing 
Advance 2 498.03 
Total Current Liabilities—General Fund......... . $2624.62 
ended Life Membership $3 005. 20 
ictory 1 041. 56 
with 57 091.29 
your 
d the Special and Designated Funds: 
Dudley Medal and Marburg Lecture Fund.................. 7 196.17 
“0. Total Goecial and Designated 32 758.79 
COMPARISON OF GENERAL FUNDS FOR FISCAL YEARS 1932-1936, INCLUSIVE 
Assets Liabilities 
At Close of Accounts Accounts 
Year Invest- | Receivable} Furniture | Payable | Reservefor| Miscel- 
Cash ments® and Mis- and and Mis- Book of laneous Surplus 
cellaneous | Fixtures | cellaneous | Standards | Funds 
SERS $5945.05 | $49035.80 | $14.834.01 | $6301.67 | $2077.61 | $11 743.26 | $19 229.55 | $43 066.17 
7869.45 | 38266.50 | 16739.78 | 6092.51] 3178.98] ......... 19 008.68 | 46 780.58 
3792.12 | 38924.05 | 9767.35] 8010.84] 2204.99| 5023.44] 7061.76] 46 204.17 
10 514.73 | 36180.42 | 9220.39] 7489.70] 2695.60 | 10023.44 | 7061.76 | 43 624.44 
6943.82 | 29 767.23 | 16088.91| 6915.95 | 2624.62] ......... 7061.76 | 50029.53 


*The funds reported in this column for 1932 and 1933 include the principal of the A.S.T.M. Research Fund, which 


beginning with 1934 is no longer included under “General Funds.” 
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Cash balance, January 1, 1936 


RECEIPTS AND DISBURSEMENTS 
For THE PERIOD JANUARY 1, 1936, TO DECEMBER 31, 1936 


RECEIPTS 
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Total Non-Operating 


$10 514.73 


Operating Receipts (Budgeted): 
Dues and Entrance Fees: _ 
Income, Life Membership Fund............... 150.00 
ke $7471.01 
Sale of Publications: 
of Standards (Members, both parts)...... 4 463.99 
Book of Tentative Standards................. 5 574.25 
Methods of Chemical Analysis of Metals....... 77.15 
Selected Standards for Students.............. 666.50 
Special Reprints and Miscellaneous............ 16 286.04 
Miscellaneous: 
1 372.50 
Interest on Deposits and Investments.......... 2 283.22 
Registration and Other Fees, Annual Meeting. . 1 266.00 
A.S.T.M. Exhibit, Annual Meeting............ 450.00. 
Committee A-1 for Technical Assistant........ 752.00. 
Total Operating Receipts (Budgeted)..................... $131 805.82 _ 
Non-Operating Receipts (Not Budgeted): 
Investments, Matured or Sold................ $14 411.00. 
126.05 
International Association for Testing Materials, 
Dues and Publications................... 724.00 
Symposium on Effect of Temperature.......... 324.11. 
Committee C-1 for Technical Assistant......... 1000.00 © 
Seaview Golf Club (see Disbursements)........ 20.20. 


16 674.38 


148 480. 20 
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Operating Disbursements (Budgeted): 
Publications: 


DISBURSEMENTS 


Book of Tentative Standards. . 
Methods of Chemical Analysis of Metals....... 
Bulletin and Circulars to Members..... 
Separate Standards. . 

Index to Standards and Tentative Standards. . 
Reprints (Reports, Papers, Symposiums, etc.) . 
Miscellaneous Printing (Authors’ Reprints, etc.) 


* This amount includes $14,000.00 in the form of checks drawn against cost of Proce 
paid on December 31, 1936, pending final completion of the publication work. 
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Total Disbursements, Publications.................... $54 138. 
Expenses, Standing and District Committees.............. 3 002.86 
Expenses, Meetings and A.S.T.M. Exhibit................. 2 577.38 
Traveling Expenses, Administrative and Special Committees 1 429.42 ie 
American Standards Assn. and Sectional Committees....... 1 000.00 
Total Operating Disbursements $125 012.33 
Non-Operating Disbursements (Not Budgeted): 
Book of Standards Reserve................. $10 023.44 
Refund of Excess Remittances................ 126.05 
International Assn. for Testing Materials....... 728.00 
Symposium on Effect of Temperature......... 23.45 
Technical Assistant, Committee C-1........... 1 453.19 
Principal A.S.T.M. Research Fund........... 2 500.00 
Seaview Golf Club (see Receipts)............. 20.20 
Total Non-Operating Disbursements....... ...+...... $27 038.78 
Cash Balance December 31, 1936.............-cceceeeces $6 943.82 


ings, but not actually 


73 
8 256.19 
3 517.86 
900.00 
19 161.684 
2 432.38 ; > 
604. 46 
5 262.22 
2 956.74 
1 641.22 7 
7 273.91 : 
201 R4 
: 


ANNUAL REPORT OF EXECUTIVE COMMITTEE 


In addition to the general funds of the Society, the Secretary-Treasurer has on hand 


the following funds: 
A.S.T.M. RESEARCH FuND 


Principal Account: Total Invested 


Balance January 1, 1936 as Re $7406.00 $7 363.41 
_Receipts—Proceeds Sale o Securities 1 §52.50 
Contributions from Members 
Contribution A.S.T.M. Entrance Fees 2 500.00 | 
Contribution from Joint Committee 
on Investigation of the Effect of 


Uninvested 
Cash 


$42.59 
+1 552.50 


Phosphorus and Sulfur in Steel.. 373.71 +3 173.71 +3 173.71 


10 579.71 5 810.91 
Disbursements—Purchase of Securities +4 312.50 


4 768.80 
—4 312.50 


10 123.41 
Looe om Gale GF Securities. ccc — 40.50 —40.50 


456. 30 


Balance December 31, 1936 $10 539.21 $10082.91 


The invested portion of the fund refers to cost of investments held. 
Income Account: 
Cash Balance, January 1, 1936 $1 316.51 


Receipts 

Interest on Deposits and Investments 
$1 883.59 

Disbursements 
Joint Research Project with University of Illinois, 
on Speed of Testing 

Research Committee on Yield Point.. is ; 

Joint Committee on Boiler Feed Water Studies. . ; : 

Accrued Interest on Securities Purchased 


$771.40 
Cash Balance, December 31, 1936 


DupLEY MEDAL AND MARBURG LECTURE FUND 
Balance, January 1, 1936: 


Principal—Investments (At Cost) $6 625.00 
Income—Cash 619.42 


$7 244. 42 


Balance, December 31, 1936: 
Principal—Investments (At Cost) 
Income—Cash 


$456. 30 


$1 112.19 


$7 574.42 


$7 196.17 
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COMMITTEE FuNDS 


75 


$363.81 
Committee A-5 on Corrosion of Iron and Steel.................. 1 954.37 
Committee A-5, Subcommittee X on Embrittlement Investigation 131.34 
Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys.. 3201.91 
Committee B-6 on Die-Cast Metals and Alloys.................. 198.94 
Committee C-1, Cement Reference Laboratory.................. 1 732.09 
Committee C-1 on Cement, Studies of Additions to Cement...... 2 412.30 
Committee C-9 on Concrete and Concrete Aggregates............ 650.97 
Committee C-10 on Hollow Masonry Building Units............. 264.18 
Committee C-18 on Natural Building Stones and Slate........... 160.01 
Committee D-1 on Preservative Coatings for Structural Materials 35.04 
Commattes D-13 on Textile Materials. 101.00 
Committee D-14 on Screen Wire Cloth............ccceceeeceeees 14.47 
AS.A. Sectional Committee on Specifications for Cast-Iron Pipe 
AS.A. Sectional Committee on Classification of Coals............ 1 104.15 
Accounted for as follows: 
Cash Batemce, December 31, 1956. 7911.22 
$13 911.22 
INVESTMENTS, DECEMBER 31, 1936 
GENERAL FUNDS Book Market! 
Par Value: Value Value 
$9000 Baltimore & Ohio R.R. General and Refunding Bonds, 
10000 New York Central R. R. Refunding and Improvement 
4000 New York, Chicago & St. Louis R. R. Refunding and Mort- 
gage Bonds, Series C, 4%’s, due 1978.............. 2 805.61 3 760.00 
3000 Southern Pacific, Oregon Lines Bonds, Series A, 434’s, due 
3000 Wheeling Steel Corp., First Mortgage Sinking Fund Bonds, 
3000 Republic Steel Corp., General Mortgage Bonds, Series B, 
2000 North Station Industrial Bldg., Inc., First Mortgage Sink- 
me Pund Bonds, 5s, Gut 1850.00 1 770.00 
500 Saguenay Power Co., Ltd., First Mortgage Sinking Fund 
Bonds, Serses A, 4534's, Gist 1966... 500.00 519.38 
5000 50 shares Great Northern Ry. Preferred Stock........... 1774.83 2143.75 
$39 500 $29 767.23 $35 375.63 
A.S.T.M. RESEARCH FUND 
$1500 Baltimore & Ohio R. R. General and Refunding Bonds, 
2000 New York, Chicago & St. Louis Refunding and Mortgage 
Bonds, Series C, 4534's, 1 400.26 1 880.00 
1000 Southern Pacific, Oregon Lines Bonds, Series A, 414’s, due 
2000 First Mortgage Real Estate Bonds, 1315-1317 Spruce St., 
2 000.00 1 200.00 
3000 North Station Industrial Bldg., Inc., First Mortgage Sink- 
ime Donte, $5, 1962. 2 812.50 2 655.00 
1500 Saguenay Power Co., Ltd., First Mortgage Sinking Fund 
Bonds, Series A, 4354'S, die 1966.0... 1 500.00 1558.12 
$11 000 $10 082.91 $9 626.87 
$50 500.......... .... $39 850.14 $45 002.50 


* Market Values, except on First Mortgage Real Estate 1315-1317 Spruce St., 6’s, 1945, on which there 
Was no quotation, and North Station Industrial Bldg., Inc., First Mortgage Sinking Fund, 5's, 1962, on which 


® quotation was obtained from the brokers, were taken from the Wall Street Journal of January 2, 1937. 
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INVESTMENTS (Continued) 
$50 500 Brought forward ’ $45 002.59 inves 
‘Par Value recel] 
DUDLEY MEDAL AND MARBURG LECTURE FUND held 
- $500 Baltimore & Ohio R. R. General and Refunding Bonds, 

6's, due 1995 $550. $14,é 
6000 Baltimore & Ohio R. R. General and Refunding Bonds, Disb 

5’s, due 1995 6 


| tinge 
500 


Socie 

COMMITTEE FUNDS bl 

000 U.S. Treasury Bonds, 234’s, due 1947 .00 331.25 
1000 U. S. Treasury Bonds, 27%’s, due 1960 .00 25 Bull 


$6 000 $6000.00 $6 337.50 b 

$63 000 $52 465.14 $57 298.75 

and disbursements in which the items are classified into ‘‘operating” Exp: 

(budgeted) and ‘‘non-operating”; details of special funds; investment indic 

of Society funds, both book and market values being given; and a con- cons 

parison of the financial condition of the Society at the close of the past 

five years. The surplus in the general fund account, exclusive of special 

and designated funds, is $50,029.53, which compares with the figure for a 

year ago of $43,624.44. grov 
No account has been taken in the accompanying financial statement of seen 

the assets of the Society in the form of publications in stock, with the pror 

exception of the cost value, $1420.25, of the copies still in stock of the joint 

A.S.M.E.-A.S.T.M. Symposium on Effect of Temperature on the Properties 

of Metals purchased by the Society from a joint account described in a 

previous report; this amount is included in the statement of assets. The 

inventory of technical publications on June 1, 1937, may be summarized 

approximately as follows: . 


NUMBER 

OF COPIES 
Year Book 288 


Index to Proceedings, 5 parts, total 1 986 
1936 Book of A.S.T.M. 2 142 


2 253 
1936 Book of A.S.T.M. Tentative Standards 0 


Methods of Chemical Analyses of Metals 150 
Index to Standards and Tentative Standards 1 930 
Selected Standards for Students in Engineering 

Reprints of 513 Standards (approximate) 

Symposium on Effect of Temperature on the Properties of Metals 

Special Reprints (approximate) 


1937 Finances.—Society operations for 1937 have been based on 4 
budget of receipts which anticipates the growth of membership and the 
continued demand for the Society publications. Receipts from dues and 
entrance fees are estimated at $79,300; receipts from sales of publications 
are estimated at $48,150; miscellaneous receipts, including interest on 

a 1 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 53 (1932). 
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investments, advertising in the Bulletin and Index to Standards, and gross 
receipts from the Fourth Exhibit of Testing Apparatus and Equipment 
held in conjunction with the present annual meeting, are estimated at 
$14,800, bringing the total of estimated current receipts to $142,250. 
Disbursements have been estimated at $138,700, leaving $3550 for con- 
tingencies. The budget of disbursements provides fully for all of the 
Society's normal operating expenses, including all regular and special 
publications. Special provision has been made for publishing an enlarged 
Bulletin, as mentioned earlier in the report. 

The Executive Committee reviews the budget of receipts and dis- 
bursements quarterly and makes any adjustments in appropriations for 
operating expenses that may be needed in the light of actual receipts. 
Experience of the first five months with respect to income from all sources 
indicates that the above estimate of income for the year is a properly 
conservative one. 

In April the Executive Committee transferred $2000 from general 
surplus to the Headquarters Fund, a transaction that will be reflected in 
the auditors’ report for 1937. The growth of the Society’s work involves 
growth of staff and in due time expansion of Society headquarters. It 
seems desirable to the Executive Committee to begin now to make some 
provision for possible extraordinary expenses in the future in relation to the 


maintenance of suitable Society headquarters. 


Research Fund: 

In the report a year ago' the Executive Committee reported that it 
had transferred the sum of $2500 from general reserve funds to the principal 
of the A.S.T.M. Research Fund, this representing part of the entrance 
fees in recent years which had been temporarily held in a contingency 
reserve fund. ‘This transac ©. is recorded in the accompanying auditors’ 
report in the section reporting ‘‘non-operating disbursements.”” In Janu- 
ary, 1937, a second sum of $2500 was likewise transferred to the principal 
of the Research Fund and will be recorded in the auditors’ report for the 
current year. 

It is with pleasure that the Executive Committee announces to the 
Society the substantial gift to the principal of the Research Fund made by 
Past-President Frank O. Clements, in the form of shares of common stock 
of the General Motors Corp. valued in the Society’s books at approximately 
$6500. (This gift, having been made in February, 1937, does not appear 
in the present auditors’ report.) Under the terms of the deed of gift the 
income from this sum will be paid to an annuitant during her lifetime, 
alter which the income reverts without restriction to the Research Fund. 
This very substantial gift brings the principal of the Fund up to approxi- 
mately $20,000. Expressed in another way, the —- of the Research 


Fund has practically doubled within the past year. — a 
_ 
1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 60 (1936). : 
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Doctor Clements’ gift is in keeping with the spirit of the Special 
Research Fund Committee comprising himself as chairman, K. G. Mac. 
kenzie and H. F. Moore, devoted to building up the Research Fund, 
The committee is for the time concentrating its efforts on inducing members 
to make bequests to the Fund in their wills. It is to be hoped that this 
gift will inspire others to augment the Research Fund as their interest in 
the Society may dictate and their means will permit. An active Research 


Fund of reasonable proportions will greatly multiply the usefulness of the 
Society. 


Cooperative Activities: 


The Society’s contacts with the American Standards Association 
constitute one of its most important cooperative activities. During the 
past year the principal work has been more or less routine in nature, in- 
volving the submission of new and revised standards to the A.S.A. for 
approval as American Standard or American Tentative Standard. The 
annual report of Committee E-10 on Standards presents this work in 
further detail. 

J. A. Capp has been re-appointed as one of the Society’s representa- 
tives on the Standards Council of A.S.A. for the term of three years ending 
December 31, 1939. The Assistant Secretary of the Society has been 
re-appointed as alternate for a term of one year. 

The Executive Committee has authorized a study of the relationship 
of the Society to laboratory service performed by a wide range and 
variety of laboratories using the test methods and specifications of A.S.T.M., 
which is being undertaken on the recommendation of an active member 
of the Society who has long been identified with commercial laboratory 


work and service. The following committee has been named to conduct 
this study: 


T. G. Delbridge, Vice-President of the Society, Atlantic Refining Co. (chairman) 
4 H. Craver, Pittsburgh Testing Laboratory 
g. C. Crittenden, National Bureau of Standards 
E. Douty, United States Testing Co. 
F. M. Farmer, Electrical Testing Laboratories 
H. H. Morgan, Robert W. Hunt Co. 
F. E. Richart, University of Illinois 


International Relations: 


During the past year the Society has maintained contact with the 
activities of the International Association for Testing Materials, prin- 
cipally through W. H. Fulweiler, American Member of the Permanent 
Committee and Vice-President of I.A.T.M. The Second International 
Congress of the I.A.T.M. was held in London April 19 to 24, 1937, under 
the auspices of the British Branch, I.A.T.M., at which some 200 papers 
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were presented, about twenty of them being by American authors secured 
in part directly by the Congress officials and in part through the offices of 
Mr. Fulweiler. Announcements of the Congress were mailed to Society 
members and were published in the Society Bulletin. W. E. Emley and 
R. L. Templin were designated as official representatives of the Society 
to the Congress; their report will be considered by the Executive Com- 
mittee at its next meeting. It is understood that a reorganization of the 
International Association was effected at the Congress, eliminating indi- 
vidual memberships and the paid secretariat, and limiting the essential 
activities of the Association to the holding of periodic congresses sponsored 
by national testing societies and financed primarily by them. ‘The details 
of reorganization will in due time be officially transmitted to the Society 
for consideration. 

The Executive Committee has given careful consideration to the 
position the Society should take in the matter of the financial deficit of the 
International Association, which was incurred in part through the publica- 
tion of four volumes of “First Communications” comprising preliminary 
reports and papers for the 1931 Zurich Congress' and in part through the 
difficulties experienced in selling the Proceedings of the Zurich Congress 
during the years of world-wide depression that followed that Congress. 
Subscriptions solicited from American members of the I.A.T.M. were 
applied to the deficit but fell far short of the proportion of the deficit that 
had been “apportioned” to this country. In consideration of substantial 
contributions that have been made by the national materials testing 
societies or groups in many other countries supporting the I.A.T.M., and 
in further consideration of assurance that the London Congress would be 
placed upon a satisfactory financial basis and the International Associa- 
tion would be reorganized along the lines just mentioned, the Executive 
Committee has recently contributed from the reserve funds of the Society 
the sum of $1000 towards the deficit, with the-understanding that this is 
the full extent to which we are prepared to contribute. The cause of 
international discussions of the properties and tests of materials is a worthy 
one, deserving of American interest and reasonable financial support, 
and it is this spirit that has actuated the Executive Committee in this matter. 

Other international activities of the Society are briefly noted. Inter- 
national standardization is considered through committees of the Interna- 
tional Standards Association (ISA) and the Society has named various 
American members of ISA committees for which the American Standards 
Association acts as the American clearing house. ‘The current report of 
Committee E-10 on Standards will refer to any significant developments in 
this field. 


hes Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, pp. 64-65 (1932). 
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ANNUAL REPORT OF EXECUTIVE COMMITTEE 


The Society was represented at the International Soil Conference held 
in Cambridge, Mass., June, 1936, by C. A. Hogentogler and W. S. Housel, 
These representatives submitted to the Executive Committee a full report of 
the deliberations of the conference, which has been made available to the 
newly organized Committee D-18 on Soils for Engineering Purposes. 

The Society was represented at the International Congress on Building 
of Bridges . Structures Above Ground held in Berlin, October 1 to 8, 

1936, by E. E. Howard. An interesting report from Mr. Howard was 
published i in hy December, 1936, Bulletin. 

The Society will be informally represented at the Second World 
Petroleum Congress to be held in Paris this June by C. B. Veal, Manager, 
Research Department, Society of Automotive Engineers. 

On invitation from the British Institution of Mechanical Engineers the 
Society, in conjunction with other American technical societies, has been 
helpful in suggesting American authors for papers to be submitted at a 
General Discussion on Lubrication and Lubricants to be held in London 
next October under the auspices of the Institution. 

Various appointments to administrative committees of the Society, to 
joint committees and committees of other organizations have been made by 
the Executive Committee and reported currently in the Society Bulletin. 


Respectfully submitted on behalf of the Executive Committee, 


A. C. FIELDNER, 
President. 
. L. WARWICK, 
reasurer. 


June, 1937 
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REPORT OF COMMITTEE A-1 


In addition to two series of meetings of Committee A-1 on Steel, the 
first at Atlantic City, N. J., June 29 and 30, 1936, the second at Chicago, 
Ill., March 1 to 3, 1937, several special subcommittee meetings have been 
held during the year to discuss various problems. Satisfactory progress 
has been made in the numerous activities currently under way. ‘The 
committee is enabled to propose seven new tentative standards and the 
adoption as standard of six existing tentative specifications. 

In the portion of this report devoted to Activities of Subcommittees 
are mentioned several important specification projects on which the com- 
mittee expects to make definite recommendations during the coming year. 

Since the 1936 annual meeting, 7 new members have been elected and 
3 resignations accepted, the committee membership now totaling 219, of 
whom 121 are classified as non-producers and 98 as producers; of the former, 
92 are consumer and 29 general interest members. 

Subcommittee III on Structural Steel for Ships has elected Captain 
William McEntee, U. S. Navy, Bureau of Construction and Repair, as 
chairman, this office having been made vacant by the retirement of Rear- 
Admiral R. M. Watt, also of this Bureau. 

Because of a change in position, H. W. Faus, New York Central 
System, has resigned his affiliation with Committee A-1 and several sub- 
committees, also as vice-chairman of the committee and chairman of 
Subcommittee IV on Spring Steel and Steel Springs. He had held these 
offices respectively from 1932 and 1927. Committee A-1 records its appre- 
ciation of his many services in its behalf. 

Since the last annual meeting, the committee has lost by death several 
members, three of whom, R. H. Jeffers, E. T. Ickes and J. C. Ramage, had 
participated in the work for many years. 

Tentative Standards Approved During the Past Year.—Subsequent to 
the 1936 annual meeting, Committee A-1 on Steel presented to the Society 
on August 26, 1936, through Committee E-10 on Standards the recom- 
mendations listed below, all of which were accepted." 


,, '1n submitting these recommendations to Comn ittee E-10 on Standards, Committee A-1 reported the 
following results of the letter ballot vote, of a total of 136 ballots returned from a committee membership of 
215: A 192 - 36 T, affirmative 78, negative none, and 58 ballots marked “not voting;” A 193-36 T, affirm- 
ative 76, negative 1, and 59 ballots marked ‘‘not voting; A 194-36 T, affirmative 75, negative 1, and 60 
ballots marked “‘not voting;” A 195 —36 T, affirmative 75, negative 1, and 60 ballots marked ‘‘not voting.” 
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REPORT OF COMMITTEE A-1 _ 
Tentative Specifications for: 


Seamless Steel Boiler Tubes for High-Pressure Service (A 192 - 36 T), 


Alloy-Steel Bolting Materials for High Pressure and Temperatures up to 1100 F 
(A 193 - 36 T), 


Nuts Used in Bolting for High-Pressure Service at Temperatures sits to 1100 F, 
(A 194-36 T), and toe 
High-Strength Structural Rivet Steel (A 195 — 36 T). 


The new tentative specifications appear in the 1936 Proceedings. i 


Approval of A.S.T.M. Standards by American Standards Association. 
During the year, four standard specifications under the jurisdiction of Com- 
mittee A-1 have been approved as American Standard by the American 
Standards Association, as follows: 

Standard Specifications for Steel for Bridges (A 7 — 36) (A.S.A. G18—1936), 

Standard Specifications for Steel for Buildings (A 9 — 36) (A.S.A. G19—1936), 


Standard Specifications for Mild Steel Plates (A 10 - 36) (A.S.A. G20—1936), 
Standard Specifications for Structural Rivet Steel (A 141 — 36) (A.S.A. G21—1936), 


RECOMMENDATIONS AFFECTING STANDARDS 


The recommendations of the committee affecting its standard and 
tentative specifications are listed first in summarized form for convenience; 
an analysis of the letter ballot on each item ‘; given in Table I. Where 
desirable, these recommendations are referred to further, being grouped 
for convenience in the order of the subcommittees responsible for them. 

I. Proposed Tentative Standards.—The committee recommends that the 
following proposed tentative specifications be accepted for publication as 
tentative as appended hereto: = 

Proposed Tentative Specifications for: ¥ 

Seamless Intermediate Alloy-Steel Still Tubes for Refinery Service,? 

Seamless Cold-Drawn Intermediate Alloy-Steel Heat-Exchanger and Condenser 

Tubes,? 

Carbon-Silicon-Steel Plates of Ordinary Tensile Ranges for Fusion-Welded Boilers 

and Other Pressure Vessels,‘ 


Chrome-Manganese-Silicon (CMS) Alloy-Steel Plates for Boilers and Other 
Pressure Vessels,® 

Low-Carbon-Nickel Steel Plates for Boilers and Other Pressure Vessels,* 

Molybdenum-Steel Plates for Boilers and Other Pressure Vessels,’ and 

Iron and Steel Filler Metal (Arc-Welding Electrodes and Gas-Welding Rods). 


II. Proposed Tentative Revisions of Standards —The committee recom- 
-mends that revisions, as appended hereto,® of the three standard specif 
_ cations listed below be published as tentative for one year before they are 
referred to letter ballot of the Society for adoption as standard: 
Standard Specifications for: 
Structural Rivet Steel (A 141 - 36), 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 606, 627, 634, and 567 (1936); also 1936 Book of 
AS.T.M. Tentative Standards PP: 76, 108, 115, and 7. 


2 See p. 608, «See p. 565. § See p. 577. ss $ See p. 589. 
See p. 601. See p. 572. 7 See 582. sce 1303 to 1305. 
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On STEEL 


High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 2 in. and 
Under in Thickness) (A 149 — 36), and 
High Tensile Strength Carbon-Steel Plates for Fusion-Welded Pressure Vessels 
(Plates over 2 in. to 4 in., Inclusive, in Thickness) (A 150 - 36). 
III. Adoption of Tentative Standards as Standard.—The committee 
recommends that the following tentative standards be referred to letter 
ballot of the Society for adoption, as standard: = SO 


Tentative Specifications for: 
Fabricated Steel Bar or Rod Mats for Concrete Reinforcement. (At 184- 36 7), ‘ 
Welded Steel Wire Fabric for Concrete Reinforcement (A 185 — 36 T),} 


Forged or Rolled Steel Pipe Flanges for General Service (A 181 —- 35 T),? 
Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes (A 178 - 
35 T),2 

Seamless Low-Carbon-Steel Still Tubes for Refinery Service (A 161 - 35 T),? and 

Seamless Cold-Drawn Steel Heat-Exchanger and Condenser Tubes (A 179-35 T).? 

IV. Withdrawal of Standards.—The withdrawal of the List of Speci- 
fications for Steel Suitable for Fusion Welding (A 151 — 35)* is recommended. 

The recommendations appearing in this report have been referred to 
letter ballot of the committee which consists of 219 members, with the 


results shown in Table I. 
ACTIVITIES OF SUBCOMMITTEES 


Certain important features of the committee’s work are discussed 
below, grouped in the order of the respective subcommittees responsible. 
Subcommittee II on Structural Steel for Bridges, Buildings and Rolling 
Stock (F. H. Frankland, chairman).—In order to bring up to date the 
table of permissible variations in diameter and to make these requirements 
conform to corresponding tables in other specifications, tentative revisions, 
appended hereto, are proposed by Subcommittee II in the Standard 
Specifications for Structural Rivet Steel (A 141-36). Revisions of the 
fnish clause in the Tentative Specifications for Structural Nickel Steel 
(A 8-36 T) are being studied in order to bring this clause in line with 
corresponding clauses in other specifications covering structural steel. 
Subcommittee IX on Steel Tubing and Pipe (T. G. Stitt, chairman).— 
Because of the increasing use of intermediate, or low-alloy, seamless steel 
still tubes and seamless steel heat-exchanger and condenser tubes, proposed 
tentative specifications covering these materials are recommended, as 
appended hereto.’ These are companion specifications to previous speci- 
fications prepared by the subcommittee and issued by the Society and they 
have been approved by the special section comprising representatives of 
the American Petroleum Institute and Subcommittee IX. 
yy Soc. Testing Mats., Vol. 36, Part I, pp. 571, 575 (1936); also 1936 Book of A.S.T.M. 
Tentative Standards, pp. 19, 23. 
31936 of A.S.T.M. Standards, Part I, p. 93. 


*See p. 130. 
* See pp. and 608. 
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REPORT OF COMMITTEE A-1 


Since no adverse criticism has been received, the four tentative speci. 


in the report, are proposed for adoption as standard. 

Important and far-reaching changes are being developed involving 
methods for designating wall thickness as provided in the Standard Speci. 
fications for Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler 
Tubes (A 83-36) and Tentative Specifications for Seamless Steel Boiler 

_ Tubes for High-Pressure Service (A 192-36 T). These changes embody 


me covering various pipe and tubing material, as listed previously 


TABLE I.—ANALYsIS OF LETTER BALLOT VOTE. 
Items 


I. Proposep Tentative STaNDARDS 
Specifications for Seamless Intermediate Alloy-Steel Still Tubes for Refinery Service 
a - for Seamless Cold-Drawn Intermediate Alloy-Steel Heat-Exchanger and Condenser 


Speen for Carbon-Silicon-Steel Plates of Ordinary Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels 
Specifications for Chrome-Manganese-Silicon (CMS) Alloy-Steel Plates for Boilers and Other 
Pressure Vessels 
Specifications for Low-Carbon-Nickel Steel Plates for Boilers and Other Pressure Vessels 
Specifications for Molybdenum-Steel Plates for Boilers and Other Pressure Vessels 
Specifications for Iron and Steel Filler Metal (Arc-Welding Electrodes and Gas-Welding Rods).. 


II. Proposep Tentative Revisions or STanpDARDS 
Specifications for Structural Rivet Steel (A 141 - 36) 
Specifications for High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 2 in. 
and Under in Thickness) (A 149 - 36) 
ae for High Tensile Strength Carbon-Steel Plates <- Fusion-Welded Pressure Vessels 
(Plates over 2 in. to 4 in., Inclusive, in Thickness) (A 150 - 36) 


III. Apoprion or Tentative STanpARDS AS STANDARD 
Specifications for Fabricated Steel Bar or Rod Mats for Concrete Reinforcement (A 184-36 T).. 
Specifications for Welded Steel Wire Fabric for Concrete Reinforcement (A 185 - 36 T) 
Specifications for Forged or Rolled Steel Pipe Flanges for General Service (A 181-35 T).. ; 
— for Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes (A 178 - 


mt. for Seamless Low-Carbon-Steel Still Tubes for Refinery Service (A 161 - : ‘game 
_ Specifications for Cold-Drawn-Steel Heat-Exchanger and Condenser Tubes (A 179 - 35 T).. 


IV. Wirnprawat or STanpaRD 
List of Specifications for Steel Suitable for Fusion Welding (A 151 - 35) 


the substitution of decimals in the place of B.w.g. or fractions. New 
“bis covering standard weights and permissible variations are being 
developed and are expected to be recommended for publication as tentative. 
Two sections of Subcommittee IX are preparing specifications covering 
respectively electric-fusion spiral butt-welded pipe and alloy-steel boiler 
and super-heater tubes. The demand for these materials is such that 
there is definite need for standardized specification requirements which 
will be met by the issuance of A.S.T.M. tentative standards. 


Subcommittee XI on Boiler Steel (E. J. Edwards, chairman).—In ordet 


to bring the requirements for firebox steel in the Standard Specifications 
d for Boiler and Firebox Steel for Locomotives (A 30-33) in line with the 
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latest requirements of the Association of American Railroads, the sub- 
committee plans to recommend revisions in the A.S.T.M. specifications.! 

This subcommittee has received various comments, including proposals 
from the A.S.M.E. Boiler Code Committee, concerning the Standard Speci- 
fications for High Tensile Strength Carbon-Steel Plates for Pressure Vessels 
Plates 2 in. and Under in Thickness) (A 149 — 36) and the Standard Speci- 
fcations for High Tensile Strength Carbon-Steel Plates for Fusion-Welded 
Pressure Vessels (Plates over 2 in. to 4 in., Inclusive, in Thickness) (A 150 — 
36). At the same time requests have been received from various sources 
including the A.S.M.E. Boiler Code Committee for specification require- 
ments covering various classes of alloy-steel plates for boilers and other 
pressure vessels. Careful study has been made of the entire matter by a 
special section and as a result of this work tentative revisions are proposed 
in the two existing standard specifications and in addition four new speci- 
fications as listed previously in this report are recommended for publication 
as tentative. ‘The subcommittee plans to review carefully any comments 
received concerning the proposed new specifications and has in mind that 
any essential revisions can be made whi!e the specifications are tentative. 

Subcommittee XXI on Steel for Weiding (N. L. Mochel, chairman) .— 
Because the specifications itemized in the List of Specifications for Steel 
Suitable for Fusion Welding (A 151-35) are not considered to cover ade- 
quately requirements for welding in view of more recent developments in 
the art, the withdrawal of the list is recommended. In recommending its 
withdrawal, the subcommittee suggests that the existing specifications 
covering various types of materials offered for fusion welding be revised to 
incorporate specific requirements for welding or to include a statement 
that the material is suitable for welding. 

As the result of several meetings, and with the close cooperation of 
representatives of the American Welding Society, the subcommittee is 
enabled to recommend for publication proposed Tentative Specifications 
for Iron and Steel Filler Metal, (Arc-Welding Electrodes and Gas-Welding 
Rods), as appended hereto.? Various specification requirements incor- 
porated have been discussed at length and it is believed their issuance as 
an A.S.T.M. tentative standard would be of definite service in meeting the 
need for standardized requirements for the materials. 

Subcommittee XXII on Valves, Fittings, Piping and Flanges for High- 
Temperature Service (A. E. White, chairman).—This subcommittee is 
developing extensive revisions in the Tentative Specifications for Alloy- 
Steel Bolting Materials for High Pressure and Temperatures to 1100 F. 
(A 193-36 T) and it is expected these revisions will be recommended to 
the Society for approval during the coming year." 

Because of the rather widespread use of the carbon-molybdenum alloy 
(ferritic steel P1) covered in the Standard Specifications for Seamless 

‘Subsequent to the annual meeting Committee A-1 presented these revisions as tentative to the Society 


h Committee E-10 on Standards, see Editorial Note, p. 86.—Epb. 
See p. 589. 
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«86 REPORT OF COMMITTEE A-1 
Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F. (A 158- 
36), the subcommittee plans to recommend a new tentative specification 
to be prepared covering this alloy composition alone.’ A detailed study of 
the standard has indicated the desirability of deleting certain alloy com. 
positions covered with the addition of others for which there is mor 
important demand. The subcommittee expects to recommend these changes 
and propose that the standard be reverted to the status of tentative. 
The committee is considering clarifying the use of the term “stabilized” 
in certain of the specifications covering various types of alloy steel for 
service at elevated temperatures. 
Subcommittee XXIII on Die Steels.-It has been decided to disban¢ 
- Subcommittee XXIII on Die Steels unti) sufficient data are available o: c 
; die casting practices to proceed with standardization work on die steels in ' th 


common use. ‘This action is in accord with the recommendations of Com- | 

mittee B-6 on Die-Cast Metals and Alloys. ; 
This report has been submitted to letter ballot of the committee which 

- consists of 219 members; 113 members returned their ballots, of whom ( 


105 have voted affirmatively and none negatively. 
Respectfully submitted on behalf of the committee, _ 


H. H. The 


P. Bicter, Chairman, | 
Secretary. weds 
made 


1 See Editorial Note below. 
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Subsequent to the annual meeting, Committee A-1 on Steel presented to the § chan 
Society on August 26, 1937, through Committee E-10 on Standards the following § repo 


recommendations: com 
Proposed Tentative Specifications for Seamless Carbon-Molybdenum Alloy-Stee! 
Pipe for Service at Temperatures from 750 to 1100 F., th 
e 


Proposed Tentative Specifications for Seamless Alloy-Steel Pipe for Service 2 
Temperatures from 750 to 1100 F. (A 158-37 T), which together with the Brus 
above specifications are a revision of and supersede the Standard Specifica: Mr. 
tions for Seamless Alloy-Steel Pipe for Service at Temperatures from 750 to were 
1100 F. (A 158 —- 36), 


Proposed Revision of Tentative Specifications for Alloy-Steel Bolting Material _ 
: for High-Temperature Service from 750 to 1100 F., Metal Temperatures ste 
(A 193 - 36 T), tech 
Proposed Tentative Revision of Standard Specifications for Boiler and Firebot 9 test} 
Steel for Locomotives (A 30-33), and tuti 


- Withdrawal of Standard Specifications for Seamless Alloy-Steel Pipe for Service thar 

at Temperatures from 750 to 1100 F. (A 158 — 36). 
The above recommendations were accepted by Committee E-10 and appear # 
pp. 633, 622, 616 and 1303, respectively. ; 
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REPORT RESEARCH COMMITTEE 


ON 
: YIELD POINT OF STRUCTURAL STEEL 
INTRODUCTION 


Shortly after appointment m 1926, this committee made a statement 
of the scope of its work.! The essential factors to be considered were: 


A. The significance of the yield point to the engineer, 

B. The range in the yield point when the material is furnished under 
specifications, and 

C. The testing procedure which will insure sufficiently accurate 
determination of the yield point with a minimum of expense. 


The main efforts of the committee have been spent on items B and C. 
The committee has limited its tension test programs to bar and standard 
flat specimens of 8-in. gage length held in the testing machine by serrated 
wedges. Reports of five series of tests on over 1000 specimens have been 
made to this Society.” 

During the depression uncertainty of operation at the steel mills 

used cessation in the testing program of the committee. A series of 
150 tests, No. 351, on the effect of aging on the yield point and other me- 
chanical properties of structural steel has been finally completed and is 
reported herein. ‘This report also contains a summary of the work of the 
committee and certain recommendations. 

The test programs of the committee have been made possible through 
the effective cooperation of the Illinois Steel Co., represented by Mr. John 
Brunner, and the Bethlehem Steel Co., represented by Mr. E. F. Kenney. 
Mr. Brunner, until the time of his death, and Mr. F. S. Crane, his assistant, 
were always very helpful in. planning and executing test programs. The 
committee has also had the cooperation of the laboratories of these two 
steel companies and the materials testing laboratories at Rensselaer Poly- 
technic Institute and at The University of Wisconsin. All materials and 
testing services were generously contributed by the companies and insti- 


tutions named, for which the committee here desires to express its. cordial 
thanks. 


; Proceedings, Am. Soc. Testing Mats., Vol. 27, Part I, p. 646 (1927). 
P, Proceedings, Am. Soc. Testing Mats., Vol. 28, Part I, p. 105 (1928); Vol. 29, Par 
art I, p. 133 (1930); Vol. 31, Part I, p. 136 (1931). ae ae 
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Tests OF SERIES No. 351 


Purpose.—The purpose of these tests was to determine the effect of 
_ aging on the yield point of structural steel rods. 

Material.—-The material for the tests conformed to the Standard 
Specifications for Steel for Bridges (A 7 — 34) of the American Society for 
Testing Materials. The billets were selected and the rods rolled in the 
presence of a representative of the committee acting in cooperation with 
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Fic. 1.—Results of Bureau of Standards’ Calibrations of Testing Machines, Made 
October 19 to 26, 1931. 


_ a representative of the Illinois Steel Co. at Gary, Ind., in the presence of 
another representative of the committee acting with a representative of 
the Bethlehem Steel Co. at Bethlehem, Pa., during the period November 1? 
to December 17, 1935. 
At each mill three 20-ft. lengths were selected from each size of rod 
_ from the mid-portion of the nm. Pr 0 at the end of oe selected 


41934 Supplement to Book of A.S.T.M. Standards, p. 1. 
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iA, 1B, 1C, 1D, etc. Specimens from the second length were marked 
2A, 2B, etc.; those from the third length were marked 3A, 3B, etc. The 
remaining 5-ft. portions were held in reserve until the tests were completed. 

The A and J specimens were tested at the mill when 1 day old. Speci- 
mens marked B, D, F, and [ were also tested at the mill at ages of 7, 28, 
190 and 360 days, respectively. Specimens marked C, E, G, and H were 
shipped to the cooperating laboratories and tested at corresponding ages. 


TABLE I.—MILL TESTS ON SPECIMENS FOR SERIES No. 351. 


Temper- Chemica! Analyses 
Diam- | ature at Tensile | Yield | Elonga- 
eter of Las Strength,) Point, | tionin 
Bar, » | Carbon, Man- | Phos- Sulfur, | Copper, lb. per | Ib. per ' 8in., 


eg. per cent per cent | per cent in. per cent 


0.24 0.42 0.015 | 0.032) .... 65270 | 42730, 29.25 


Illinois Steel 
0.23 | 0.44 | 0.013] 0.029] .... | 63050 | 39510 | 33.50 


Co., Gary... 


0.62 0.032 | 0.043 | 0.28 | not made/not made 
Steel Co... 


Bethlehem 0.17 0.62 0.031 | 0.044 | 0.30 | not made|not made 
1} 0.18 | 0.63 | 0.030] 0.043 | 0.30 | notmade |not made 


* Speed at yield point, 0.5 in. per min.; at tensile strength, 2.0 in. per min. 


TABLE II.—MACHINES AND SPEED USED IN TEsTs OF SERIES No. 351. 
Includes Tests at all Ages 


Speed of Head of Testing Time in Minutes and 

ne Machine, in. per min. Seconds 
Testing eter 

Laboratory 

Machine | of Bar, to at to 1 Zero Zero | Total 
~ Yield | Yield | Tensile Load to | Load to 
Point Point | Strength Yield | Tensile 
Point | Strength 


Riehle 0.5 | 0.175) 2. 1:51 | 4:21 
Mlinois Steel Co., Gary 300,000 Ib. ’ 0.175 | 2. 1:58 | 4:31 


Riehle 0.184] 1. 1:38 | 5:24 
University of Wisconsin 200,000 Ib. 0.184 | 1. 1:51 | 6:06 


Olsen 6:35 
Lehigh University 300,000 Ib. 1 . 


5:01 


1 
150,000 Ib.) | 5:38 


Rensselaer Polytechnic Inst Riehle | 


The University of Wisconsin laboratory cooperated with the Gary labora- 
tory of the Illinois Steel Co. and the Rensselaer Polytechnic Institute 
laboratory cooperated with the Bethlehem Steel Co. laboratory. 

Preparation of Specimens.—Specimens for the regular mill tests were 
selected and prepared in accordance with the practice adopted at the mill. 
The test specimens were not separated from the parent length until the 
day scheduled for test. 
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TABLE III.—STRENGTH AND Ductitity Data For TEsTs OF Serres No. 351. 
Each average represents 3 tests, except one day averages represent 6 tests. 
Percentage 
Average Change from 
Diameter| Age at Yield Devia- | Tensile | Reduc- | Elonga- I-day Value 
Laboratory of Bar, Test, Point, tion of |Strength,| tion of | tionin 
in. days lb. per Yield lb. per Area, 8 in., q 
sq. in. Point sq.in. | percent | percent | Yield | Elongs- 
from Point tion 
Mean, 
per cent 
{ 1 40 810 0.5 64 125 48.50  ? fare 
| 7 39 400 0.2 64 600 .88 28 .83 —3.5 
Illinois Steel Co.,Gary.....) § 4 28 39 420 0.7 65170 | 62.28 | 31.83 | —3.4 | +8 
| 180 39 240 0.7 64 710 63.01 30.67 —3.8 4.4 
360 38 780 0.7 65 760 62.58 31.08 —5.0 5.8 
1 38 990 1.2 63 860 49.97 
- 7 38 330 0.7 64 030 55.68 33.33 —1.7 +8.5 
aa 28 37 050 0.7 64170 58.48 32.50 —5.0 +5.8 
: 180 37 540 0.6 64710 58.41 33 .00 —3.7 +75 
| | 360 37 240 0.4 65 160 58.25 32.83 —4.5 +6.9 
4 
{ 40 520 | 62260 | 34.64 | 24.58 | —3.1 | 
41 800 0.3 550 47.53 
13 37 930 1.8 63010 | 49.13 | 31.33 | ..... 
40 640 1.6 62 780 49.69 
University of Wisconsin... . 28 41410 1.8 64 960 56.26 canes 
180 39 110 0.9 62 520 60.50 |) Siem a 
360 39 850 3.2 62 160 59.30 
7 37 760 1.2 63 340 55.40 
28 37 180 0.1 63 830 59.03 cf es 
180 37 020 1.4 63 500 59.50 
360 38 010 0.5 63 900 59.20 cf Ss 
1 42 320 0.7 61 900 52.29 
7 42 340 1.3 62 160 56.00 31.04 +0.0 +2.3 
28 42 530 0.5 61 790 62.86 33.00 +0.5 +8.8 
180 42 000 0.4 62 160 65.40 31.08 —0.8 +2.4 
360 41 860 0.3 62 440 65 .50 31.25 —1.1 +3.0 
1 40 220 1.0 60 945 50.27 
7 40 470 Wi 61310 55.32 32.38 0.6 +6.6 
28 39 600 1.4 60 330 59.60 31.83 —1.5 +48 
180 39 710 eG 61310 65.50 32.33 —1.3 +6.4 
360 39 590 1.9 61270 65.90 32.42 1.6 +6.7 
1 39 885 1.3 60 390 45.40 
7 39 650 0.6 60 910 45.36 31.25 —0.6 +5.1 
28 39 140 2.8 60 150 55.52 32.79 —1.9 +103 
180 39 210 0.6 60 730 64.90 33.42 —1.7 | +124 
360 38 490 0.5 60 790 65.20 35.00 —3.5 | 417.7 
7 42 100 0.9 61 870 54.54 29.38 isees eee 
28 42 380 0.8 62 190 60.89 coves 
180 41 850 0.2 62 680 65.10 LS eas 
360 42 340 0.4 62 540 64.70 
7 39 840 1.3 61010 55.12 30.46 | ...-- | cree 
28 40 220 0.7 ' 
180 38 740 0.9 |} 61080 | 65.66 | 33.08 
360 39 980 1.4 | 61710 | 64.70 | 33.67 | «---- Jove 
7 39 700 0.6 | 60350 | 47.44 | 30.42 | ....- | cer 
28 39 400 1.2 | 60720 | 56.73 | 34.92 | .---- Joooerre 
180 38 300 0.6 | 60720 | 64.20 | 35.08 [| ...-- J cer 
360 39 560 1.4 | 61090 | 64.00 | 34.83 | ...-- Joc 
| 1 41 565 3 O1 
7 41 120 62 855 54.28 
Average for all laboratories 28 41 435 63 530 60.58 
180 40 550 63 020 63 .50 
360 40710 63 225 63 .02 
1 40 220 60 945 50.27 30.38 | .-e-- 
7 40 155 61 160 55.22 
1 28 39 910 60 970 60.46 32.42 | ...-- 
180 39 225 61195 65.58 
360 39 785 61 490 65.30 
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TABLE III.—(Continued). 


Average Percentage 
Devia- Change from 
Diameter} Age at Yield tion of | Tensile | Reduc- | Elonga- 1-day Value 
Laboratory of Bar, Test, Point, Yield |Strength,| tion of | tionin 
: in. days lb. per Point lb. per Area, 8 in., i 
sq. in. from sq.in. | percent | percent | Yield Elonga- 
Mean, Point tion 
ai per cent 
1 39 440 vt 
ae i} 28 | 38195 62220 | 57.45 | 33.12 | ..... | ..... 
360 38 325 | | 54-08 | ..... 
1 40 445 62245 | 49.29 | 30.11 | ..... ] ..... 
Average of all bars.........]....... 28 39 835 62 490 59.30 © 
| 180 39 270 62410 | 63.23 | 32.68 | ..... ] ..... 
1 39 900 2.3 63 995 49.24 30 05 “ga | xe 
a 38 865 1.4 64 315 6.28 0 _ 4 
Ce, } 28 | 38935 | 3.1 | 64670 | 60.38 | 32.17 | —4.2 | 47.1 
180 38 390 2.3 64710 | 60.71 31.84 —3.8 +6.0 
360 38 010 2.0 65460 | 60.42 | 31.96 | —4 +6.4 
40 820 460 | 52.2% 
23 | 40425 | 3.7 | 60755 | 59.33 | 32.54 | —0.9 | +7.9 
180 40 305 2.9 61400 | 65.3 32.28 —1.2 +7.1 
360 39 980 3.5 61500 | 65.5 32.89 | —2.0 | +9.1 


Method of Testing._-Tests made at the University of Wisconsin and at 
Rensselaer Polytechnic Institute were run on the machines calibrated by 
the National Bureau of Standards’ representatives in 1931, see Fig. 1. 
All machines were calibrated during the aging’ tests by approved methods. 
Specimens were punch-marked over the entire length at 1-in. intervals. 
Dimensions of cross-section were measured and recorded to the nearest 
0.001 in. 

Specimens were loaded to three-fourths of the estimated yield point 
with any controllable speed, then the rate was reduced to 0.15 to 0.25 in. 
per min. until the yield point was obtained by drop of the beam. The 
speed was then increased to 1 to 2 in. per min. and the maximum load 
determined. The regular mill tests were run at the customary speeds. 

At each mill the visiting representative of the committee witnessed 
the 1-day tests. Owing to lack of sufficiently low speed regulation on the 
testing machine at the Bethlehem mill laboratory, all tests scheduled for 
that laboratory were made at Lehigh University. 

Results of Tests~-The data on composition, finishing temperature 
and mill tests are given in Table I. Information on the types of testing 
machines used and the average time required in performing tests is recorded 
in Table II. The principal data obtained from the tests are recorded in 
Table III and the influence of age on mechanical properties is shown in 
Figs. 2, 3, 4, and 5. 

The tests indicate that the effec’. of age on yield point and tensile 
strength of hot-rolled structural steel of the grade herein used is small. 
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Considering the average results for all laboratories, the yield point showed 
an average reduction of approximately 2 per cent between 1 day and | 
month with little or no change thereafter; on the other hand the tensile 
strength increased slightly. By comparing age relationships for the tests 
conducted at Gary and at Lehigh, the only laboratories making 1-day 
tests, variables due to differences in testing machines are eliminated, 
Such comparisons indicate somewhat larger reductions in yield point than 
do the averages for all laboratories. ‘The reduction in yield point between 
1 day and 1 yr. for the data obtained at Gary averaged 4.7 per cent and 
for the data obtained at Lehigh the reduction averaged 3.7 per cent. 
There is a material improvement in ductility as evidenced by an 
average increase of 30 per cent in reduction of area and 8 per cent in per- 
centage elongation in 8 in. between ages of 1 day and 180 days. Most of 
this increase in ductility took place within the first month. The pr- 
nounced increase in ductility between ages of 2 hr. and 1 day as shown by 
the small number of tests made at Gary is remarkable. 
| These changes in properties, consistently exhibited in the material 
q from both mills, and their causes appear worthy of more study on the part 
of the metallurgist. It is conceivable that other grades of structural 
| steel may exhibit greater variations than were encountered in these tests; 


also that the variations may be considerably greater in thin angles and 
wide flanged shapes. 


_ R&sumE or ANSWERS TO QUESTIONNAIRE DEALING WITH SIGNIFICANCE 
OF THE YIELD POINT TO THE DESIGNING ENGINEER 


In 1933 approximately 80 questionnaires were sent out to represen- 
tative designing engineers and engineers who were intimately connected 
with designing involving the use of structural steel. Nineteen replies 

received from these engineers other than members of this committee 
form the basis for the following résumé. 


Q. 1. What physical changes in structural steel are signified by the yield point? 


_ Fourteen replies indicated that the yield point was considered to be the 
stress at which permanent deformation began or elastic breakdown of the 
~ material commenced. Five made no answer. 
~Q. 2. Do you consider the yield point in determining the allowable working stress’ 
If so, when and how do you take the yield point into account? 


Sixteen replies stated that the engineers considered the yield point or 

4 believed that the allowable unit stress should be a proportion of the yield 

point. 

_ Q.3. In determining the allowable unit stress, is the yield point of more or less 
value than: the proportional limit; the elastic limit; the useful limit point? 


the 
indi 


tens 
in q 
(Db) 

stre 
indi 


In 1: 
four 
than 
ease 
the 1 
Q. 4. 
Fou 
ma’ 
the 
wit 
Eis 
we 
lal 
we 
us 
Ei 
in 
as 
Ca 


howed 
and | 
tensile 
> tests 
1-day 
nated. 
than 
tween 
it and 


an 
per- 
ost of 
pro- 
yn by 


terial 
part 
ctural 
tests; 
s and 


ANCE 


resen- 
ected 
eplies 
nittee 


On YIELD POINT OF STRUCTURAL STEEL 
= 

In 13 replies the yield point was considered the most valuable index of the 
four mentioned; two considered that the yield point was less valuable 
than the proportional limit or elastic limit although admitting the greater 
ease of its determination; and one considered the useful limit point to be 
the most valuable if properly determined. 


0.4. What especial significance, if any, does the yield point have with respect to 
the behavior of: (a) a tension member; (b) a compression member? 


a) Nine replies indicated that the excessive deformation accompanying 
the stressing beyond the yield point would be objectionable. Six replies 
indicated it was a very important stress to be considered in designing 
tension members. One reply indicated that a small amount of stressing 
beyond the yield point would cause equalizing of stresses in the member 
in question and in adjoining members. 

b) Twelve replies stated that the yield point was the upper limit of column 
strength. ‘Two replies implied that it was of little importance. One reply 
indicated that it was sometimes important in estimating column strength. 


Q.5. Does the yield point furnish information which cannot be estimated with 
reasonable accuracy from the ultimate strength? In what way? 


Fourteen replies indicated that the yield point was a better basis for esti- 
mating allowable unit stresses than the ultimate. Two replies were to 
the effect that the yield point could be estimated from the ultimate strength 
with reasonable accuracy but the engineer would prefer to have knowledge 
of the yield point. 

Q.6. Do you rely upon mill tests, commercial testing laboratories, or your own 


laboratory for determinations of the yield point of steel for important 
structures? 


Kight replies indicated that mill tests were relied upon for information 
on tensile properties. Three replies stated that commercial laboratories 
were employed for making tests. Two replies indicated that their own 
laboratories did the work, two stated that. mill or commercial laboratories 
were employed, one reply indicated that all types of laboratories had been 
used, and one indicated that the mill tests were checked by a commercial 
laboratory. 

Q.7. In determining the quality of material for important structures, how many 
tension tests do you require (a) from each heat; (b) from each heat per type 
of shape; (c) from different locations in a given shape? 

Eight replies stated that the A.S.T.M. specifications were followed. Three 

indicated that there was no regular procedure in these matters. One 

asserted that the A.R.E.A. specifications were followed. One reply indi- 
cated that the number of specimens varied from one per heat to one per 
structural member, that at least one specimen was taken for each type of 
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member and that only one location in a member was sampled. One reply 


stated that one test specimen was taken from each heat for each type of incr’ 
shape, and one reply indicated that the testing schedule was varied jp (Ser 
circumstances (presumably in accordance with the importance of the work), thes 


Q. 8. Do you favor the use of slower speeds than commonly practiced in the deter. littl 
mination of the yield point? (For example, would you favor speeds as slow 
as 0.1 to 0.2 in. per min. for an 8-in. gage length when the load approaches the sent 
yield point?) 


1. Designers of structural steel bridges and buildings attach much 
significance to the yield point in arriving at allowable working stresses 
both for tension and compression members, and prefer that the yield 
point shall be determined at speeds sufficiently slow to insure reliable data. 

2. The yield point in tension is a reliable index of the yield point in 

compression for hot-rolled structural steel (Series No. 261, 1928 report).' 

3. It is not possible to predict accurately the yield point from the 
ultimate strength, since the ratio of yield point to tensile strength varied 
from 0.49 to 0.64 for the whole shapes tested and only about half of the 
shapes had ratios of yield point to tensile strength within 5 per cent of 
the mean ratio (see Fig. 5, Series Nos. 271 and 281, 1930 report).? 


locé 
Eight replies favored slower speeds, three did not favor slower speeds, bea 
two replies indicated that the authors believed the speed should be slow Ser 
enough to enable the operator to keep the scale beam in balance and deter. 
mine accurately the drop of beam and one indicated that constant speeds to 
should be used to avoid variations in results. to 
Q.9. Do you favor basing the yield point determination on (a) drop of beam; (6) a ant 
given strain; (c) a given permanent set? to 

- Thirteen replies favored the use of drop of beam, two indicated that the = 
dividers were used to check the drop of beam, and one stated that the os 
yield point should be determined from plotted*stress-deformation curves. ; 
Q. 10. Have you any other suggestions for improving the procedure you have men- di 

tioned in replies to Q. 6 and Q. 7? 

_ Two reaffirmed their opinion that slower speed should be used in testing, le 
one believed that calibration of testing machines should be required and ro 
that the reporting of speeds used in testing should be required. One in 
believed that specimens should be taken from the thickest and thinnest 
parts of sections rolled, and one indicated that the drop of beam determina- d 
tions should be checked by dividers. One reply stated that the author T 
believed that satisfactory material could be obtained by demanding from 8 
the fabricating company a written guarantee to the effect that the material 0 
used came from heats reported in mill tests. b 

CONCLUSIONS FROM THE WORK OF THE COMMITTEE 
( 


1 Proceedings, Am. Soc. Testing Mats., Vol. 28, Part I, p. 105 (1928). 
8 Proceedings, Am. Soc. Testing Mats., Vol. 30, Part I, p. 133 (1930). 
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4. The gagging of girder beams and H-columns produced a slight 
increase in yield point which from a practical standpoint is negligible 
(Series No. 281).! Other tensile properties were unaffected. So far as 
these tests indicated, contact of the member with the cooling skids had 
little effect on tensile properties. 

5. The following were the best locations for a single specimen repre- 
senting the given structural shape: for plates and angles, the intermediate 
location; for channels and I-beams, the center of the web; for girder 
beams and H-beams, points midway between toe and root of flange (see 
Series Nos. 271 and 281, 1930 report).! 

6. The range in yield point of different portions of shapes was 29,090 
to 38,880 lb. per sq. in., whereas the variation in tensile strength, 52,520 
to 62,400 Ib. per sq. in., was proportionately much less (Series Nos. 271 
and 281).!' In most cases this variation in yield point appeared to be due 
to differences in cooling and rolling to which the different portions of the 
shapes were subjected. In six out of eight pairs of shapes tested the yield 
points of the light shapes exceeded the yield points of the heavy shapes 
by 11 to 19 per cent; in only two pairs of shapes did the yield points of 
the heavy shapes exceed those of the light shapes and in one case the 
discrepancy was apparently due to difference in composition. 

7. Aging reduces the yield point by a small amount, in these tests 
less than 5 per cent, and slightly increases the tensile strength of hot- 
rolled rods of low-carbon steel. Aging does effect a material increase 
in the ductility of such material during the first month after rolling. 

8. Of the four methods used to detect yield point, the multiplying 
dividers method was slightly more reliable than the drop-of-beam method. 
The 2-in. strain gage was not quite so satisfactory as the dividers with an 
8-in. gage, and scaling was the least satisfactory index of the yield point 
of the methods tried. All things considered, the drop-of-beam method 
being simplest and quickest appeared to be sufficiently reliable. In using 
the drop-of-beam method at speeds of 0.5 in. per min., or less, care should 
be exercised to avoid false indications of yield point due to the momentary 
drop which accompanies overstrain at the grips. 

9. A large part of the work of the committee has dealt with the effect 
of pulling speed on the yield point. For the ?-in. round rods of carbon, 
silicon, and nickel structural steels (Series No. 261), raising the free speed 
of head from 0.05 in. per min. to 2 in. per min. increased the average yield 
point 9 per cent for the carbon steel, 7 per cent for the nickel steel, and 
12 per cent for the silicon steel bars. At a speed of 0.2 in. per min. the 
yield point by drop of beam averaged approximately 600 to 1000 lb. per 
sq. in. higher than at a speed of 0.05 in. per min. 

For these same bar steels, the percentage range in the average yield 


1 Loc. cit. 


asses | 
rield > 
lata. 
t in 
rt).! 
the 
ried 
the 
t of 
- 


Report OF RESEARCH COMMITTEE 


points obtained at the five different laboratories varied from 2 to 5 per 
cent for the speeds of } to } in. per min. The maximum ranges in individual 
test values was approximately double these percentages. 

Considering the entire range of speeds and averages of five specimens, 
the maximum range in drop-of-beam yield points was 10 per cent for the 
carbon steel, 6 per cent for the nickel steel and 11 per cent for the silicon 
steel rods. 
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Fic. 6.—Rate of Stressing for 200,000-lb. Machine at University of Wisconsin. 


10. The effect of speed on yield point was somewhat greater for the 
rectangular specimens cut from structural steel shapes of more variable 
material (Series No. 271)! than for the uniform bar steels of Series No. 261,! 
and the variation of individual values from average values was much 
greater in the tests of Series No. 271 than in the tests of the uniform bars 
of Series No. 261. 

11. The total time of testing was not materially affected by reducing 
momentarily the speed of machine in the vicinity of yield point to 0.2 in. 
per min. 


1 Loc. cit. 
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_ On YIELD POINT OF STRUCTURAL STEEL 


12. The relation of the yield point in tension by drop of beam to 
free speed of movable head was approximately the same for the screw- 
gear-driven lever machines and the Amsler hydraulic machine, used in 
Series No. 282.1. The shapes of the yield point — speed-of-head curves for 
tests made by the two types of machine were found to be substantially 
the same. 

13. In the progress report of 1931 (Series No. 291)? it was shown that 
the ratio of rate of strain to speed of head was practically constant for a 
given machine for the speeds and loads used and that the ratio varied 
considerably for the different machines, ranging from approximately ;/; to 
#; in. per min. for the grips and ranges of loading used. Further study of 
the rate of strain at different loads on the 200,000-Ib. machine at the Uni- 
versity of Wisconsin, using serrated grips, Fig. 6, indicates that the ratio 
of rate of strain to speed of head increases rapidly with the load in the 
lower load ranges and much less rapidly above one-fourth machine capacity. 

In the 1931 report, a simple method for calibrating the speed-rate of 
strain relationship for any machine was indicated. 

14. On the basis of representative specimens, it was noted in the 
1930 report that the average yield point for a given shape by mill tests 
exceeded the corresponding value from cooperating laboratory tests by 
3to 17 per cent and that the average tensile strength by mill tests exceeded 
the corresponding tensile strength from cooperating laboratory tests from 
3to 12 per cent. It did not appear that these discrepancies could be due 
to differences in speed. Comparisons made on the basis of average weighted 
mean values for the whole shapes made the discrepancies between mill and 
cooperating laboratory tests still greater (see Table XVI, 1930 report). 

The results of the National Bureau of Standards’ calibrations, Fig. 1, 
indicate that none of the machines had errors in excess of 1.5 per cent in 
the load ranges which were significant in the tests and in most cases the 


machines were accurate within 1 per cent. Herice, discrepancies between 


As a result of its studies, the committee makes the following recom- 
mendations for the consideration of Committee A-1 on Steel and Committee _ 
E-1 on Methods of Testing, and others interested. 

1. Since the yield point of structural steel is of sufficient importance 
to the designing engineer to warrant the practice of increased accuracy in 
the determination of the yield point, present methods of procedure should 
be improved to attain that end. It is therefore recommended that the 
speed requirement for the determination of the yield point based on the 


Proceedings, Am. Soc. Testing Mats., Vol. 29, Part I, p. 101 (1929). 
* Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, p. 136 (1931). 
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speed of head running free be discarded and that in the vicinity of the 
yield point the rate of pulling shall be limited by rates of strain or by rates 
of stress. Tentatively for wedge grips and an 8-in. gage length the sug. 
gested maximum limit for the rate of strain in the vicinity of the yield 
point is 0.0015 in. per in. per min., which would correspond to a stress 
limit of 45,000 lb. per sq. in. per min. 

2. Machines should be accurate within 1 per cent in the load range 
at which the yield point and ultimate strength are determined. 

3. The drop of beam or halt in motion of the pointer on the dial are 
sufficiently accurate methods of determining the yield point in practically 
all cases. A pair of multiplying dividers with gage length of 8 in. anda 
10 to 1 multiplication arranged to indicate an elongation of 0.5 per cent 
afford a slightly more reliable method of detecting the yield point and are 
recommended for emergencies. 

4. The following locations are recommended for specimens cut from 
structural steel shapes: for plates and angles, the intermediate position 
between edge and center of plate and between toe and heel of angle; for | 
channels and I-beams, the center of the web; for H-beams and other 
wide flange members, the position midway between toe and root of flange. 

: 5. The fundamental reasons for age effects on all steels, the magnitude 
of age effects on the yield point and ductility of structural steels other than 
carbon steels, and the magnitude of the age effects on the yield point of 
steel shapes should be investigated. 

6. It is further recommended that a study be made of the factors 
— the yield point of the various new alloy steels entering the struc- 
tural field. 
This report has been submitted to letter ballot of the committee which 
consists of 8 members; 8 members returned their ballots, of whom 6 have 
voted affirmatively and 2 negatively. 


Respectfully submitted on behalf of the committee, — 


M. O. WITHEY, 
Chairman. 


' Compliance with this limitation would necessitate running the 200,000-lb. Riehle machine at The Usk 
versity of Wisconsin at free speeds of head not greater than 0.15 to 0.25 in. per min. for yield points between 
10,000 and 40,000 Ib. per sq. in. The appropriate free speeds to secure the requisite rates of strain or stress 
will vary with the t of machine, the condition of the grips, the area of cross-section of the specimen, am 
the load. Where the rate of stressing is used as a method of control it will be necessary to fix the rate of 
loading just before the limit of proportionality is passed. 
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"DISCUSSION 


Mr. FRIEDRICH K6RBER! (éranslation of discussion submitted by letter). — 
We have read with considerable interest the report of the Research 
Committee on Yield Point of Structural Steel from which it develops that 
with the structural steels investigated the yield point and tensile strength 
had experienced no marked change as a result of aging following the hot 
rolling; that, however, the elongation, and in an especially marked degree, 
the reduction of area have been increased (8 and 30 per cent, respectively). 
No reasons are given in the report for this remarkable behavior of the steel; 
itis merely stated it would be an investigation worthy of study on the part 
of metallurgists to determine the reasons for this phenomenon. 

Similar observations on rolled rail steel were made some years ago 
by F. Kérber and J. Mehovar.2. By means of longer aging or through 
short anneal at moderate temperatures, the elongation increased by about 
30 per cent and the reduction of area by as much as 100 per cent, with 
practically no change in yield point and tensile strength. At that time the 
reason for the change in properties with aging and tempering was supposed 
to be due to relief of internal stresses. C. Drescher and R. Schifer* couid 
secure, by heating a steel casting for 60 hr. at a temperature of only 100 C., 
an increase in the elongation of from 7 to 24 per cent and in reduction of 
area of from 8 to 36 per cent. ‘Their assumption that the lower values 
of the elongation and reduction of area could be attributed to the action 
of the hydrogen which had been driven off by means of the heating could 
be confirmed by tests on newly rolled rails tested at the Kaiser-Wilhelm- 
Institut fiir Eisenforschung.* As the accompanying Table I indicates, an 
obvious correlation exists between the improvement in ductility and the 
decrease of the hydrogen content of the material, from which it is deduced 
that hydrogen is the essential cause for the internal stresses, which were 
assumed in the earlier test results of the Eisenforschungsinstitut to be 
the cause of the decrease in ductility of newly rolled rails in comparison 


with rails which have been heated or aged for sufficiently long periods 
of time. 


! Director, Kaiser-Wilhelm-Institut far Eisenforschung, Disseldorf, Germany. 

2P, Korber and J. Mehovar, ‘Contribution to the Understanding ‘of the Changes in Time and Mechani- 
tal Properties of Newly Rolled Rails, Particularly Those of Thomasstahl,” Mitteilungen, Kaiser-Wilhelm- 
Institut far Eisenforschung, Vol. 17, p. 89 (1935). 

C. Drescher and R. Shafer. Archiv far das Eisenhittenwesen, Vol. 9, p. 327 (1935-1936). 

*P. Bardenheuer, ‘Action of Hydrogen on Steel,”’ Stahl und Eisen, Vol. p. 593 (1937). 
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TaBLE I.—DuctTi_Lity AND HYDROGEN CONTENT OF NEWLY ROLLED RAILs. 


- Tensile Elongation | Reduction | Hydrog 
Steel Prior Treatment Strength, | (gagelength=| of Area, | eu, 

Ib. per sq. in. | 10 diameters), | per cent | per 100, 
per cent } 


—_ immediately in as-received 

condition 

Open-Hearth Steel.. 4 | No. 2 | Specimen heated for 1 hr. at 200 C 
} N Specimen aged for 7 weeks 

| | No. 4 | Pieces of rail aged for 7 weeks 


Thomaastah! (Basic { No. 5 | As-received condition (tested 5 days 
r Steel). . 4 after rolling) g 15 
t j | Specimen heated for 1 hr. at 200 C . 34 


Mr. M. O. WitHey! (closure by letter)—The Society is fortunate 
indeed to have the observations from the Kaiser-Wilhelm-Institut fiir 
Kisenforschung with regard to tests of steels under similar conditions to 
those mentioned in our aging experiments. These data from the Institut 
should be very valuable to any American metallurgists who may be inter- 
ested in making similar studies. 


1 Chairman, Research Committee on Yield Point of Structural Steel; Professor of Mechanics, University 
of Wisconsin, Madison, Wis. 
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REPORT OF COMMITTEE A-2 


ON 
WROUGHT IRON 


Committee A-2 on Wrought Iron has held two meetings since the 
annual meeting of the Society in 1936, the first on October 21, 1936, in 
Philadelphia, Pa., and the second on March 3, 1937, in Chicago, Ill. A 
third meeting will be held prior to the presentation of this report to the 
Society when the report will be reviewed and other matters considered. 

It is with regret that the committee records the death of two of its 
long-time members, J. C. Ramage, Engineer of Tests of the Southern 
Railway Co., and Thomas S. Wheelwright, President of the Old 
Dominion Iron and Steel Works; and of a comparatively new member, 
P. J. Neely, Chief Metallurgist, Railway Spring Division of the American 
Locomotive Co. Appropriate resolutions were sent to the Southern Railway 
Co. and to the Old Dominion Iron and Steel Works as well as to the 
families of Messrs. Ramage and Wheelwright. ‘These resolutions appear 
elsewhere in this report. 

Subcommittee II on Merchant Bar Iron and Subcommittee III on 
Staybolt and Engine-Bolt Iron will be consolidated. ‘The work of these 
subcommittees has overlapped and it is believed that the work can be 
accomplished more efficiently and extensively by a single committee. The 
consolidated subcommittee will be designated Subcommittee II on Wrought- 
Iron Bars. Mr. J. Porter Gillespie of the Lockhart Iron and Steel Com- 
pany, Pittsburgh, Pa., was elected chairman of this subcommittee. 

Mr. E. L. Johnson, Engineer of Tests, New York Central Lines, 466 
Lexington Avenue, New York City, was elected chairman of Subcom- 
mittee V on Chain Iron and Iron Chain succeeding Mr. F. M. Waring, 
resigned. 

The resignation of Mr. E.S. Dixon, Metallurgist of the Texas Company, 
was accepted with regret at the March meeting. 

Subsequent to the 1936 annual meeting, Committee A-2 presented to 
the Society on August 26, 1936, through Committee E-10 on Standards, a 
proposed revision of the Tentative Specifications for Wrought-Iron Plates 
(A 42-35 T), the modifications being merely for the purpose of clarifying 
the specifications. This recommendation was accepted! by Committee 


1In submitting this recommendation to Committee E-10 on Standards, Committee A-2 reported results 
f the letter ballot vote as follows: Of a total membership of 57, 43 members returned their ballots, of whom 
8 voted affirmatively, 0 negatively, and 5 marked their ballots “not voting.” 
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E-10 and the specifications in their revised form appear in the 1936 
Proceedings.' 

During the year, two of the committee’s specifications were submitted 
to the American Standards Association and approved as American 
standards, as follows: 


Standard Specifications for Uncoated Wrought-Iron Sheets (A.S.T.M. A 162 - 36; 
A.S.A. No. G23-1937), and 


Standard Specifications for Zinc-Coated (Galvanized) Wrought-Iron Sheets 
(A.S.T.M. A 163 36; A.S.A. No. G8.8-1937). 


The Standard Specifications for Refined Iron Bars (A 41 — 36), approved 
originally in 1930 as American tentative standard, were submitted to the 
A.S.A. following their revision at the last annual meeting. The specifica- 
tions in their revised form were approved as American tentative standard 
bear the A.S.A. designation: G12-1936. 

RECOMMENDATIONS AFFECTING STANDARDS 

In this report the recommendations affecting standards and tentative 
standards are noted in brief form below together with the results of the 
letter ballot. The revisions are given in detail in the Appendix.? 

In 1930, Committee A-2 adopted a definition for wrought iron® and 
deleted from the process clauses of the various specifications covering 
wrought-iron products, all reference to method of manufacture. At the 
October, 1936, meeting this former action was reversed and the process 
clauses are being revised, as indicated in the Appendix to this report, by 
the addition of the words, “‘pig puddled or processed wrought iron.” 
Attention is called to the fact that no change is being made in the definition 
of wrought iron or in the note referring to iron scrap, both of which are 
referred to in the process clauses. 

The purpose of the revisions being proposed in the sections providing 
for the number of tests under the Tentative Specifications for Single and 
Double Refined Wrought-Iron Bars (A 189-36 T) and in the Standard 
Specifications for Staybolt Wrought Iron, Solid (A 84 — 36) and for Staybolt 
Wrought Iron, Hollow Rolled (A 86-36) is to eliminate what the com- 
mittee believes to be an unnecessary number of tests. These sections at 
present stipulate that bars shall be grouped into lots of 100 each according 
to bar size and that the physical tests specified be made on each lot. Where 
only a few bars of several different sizes are offered for inspection at the 
same time, the testing of each size individually is considered to be 
unnecessary from the standpoint of a determination of the quality of the 
material and is a burden on the producer. 


1 Proceedings, Am. . Soc. Testing Mats., Vol. 36, Part I, p. 652 (1936); also 1936 Book of A.S.T.M. Ten- 
tative — p. 2 


2 See p pe. and 1307 to 1310. 
31936 Book of ASTM. Standards, Part I, p. 453. 
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I. Proposed Revisions of Tentative Standards.—Revisions as given in 
the Appendix are recommended in the following tentative specifications, 
the revised specifications to be continued as tentative: 


Tentative Specifications for: 
Wrought-Iron Plates (A 42 - 36 T), 


Wrought-Iron Rivets and Rivet Rounds (A 152 —- 36 T), and 
Single and Double Refined Wrought-Iron Bars (A 189 — 36 7). : 


II. Proposed Revisions of Standards.—The committee recommends 
that the revisions as appended hereto' in the following specifications 
be accepted for publication as tentative: 


Standard Specifications for: 
Iron and Steel Chain (A 56 — 30), 
Welded Wrought-Iron Pipe (A 72 - 33), 
Wrought-Iron Rolled or Forged Blooms and Forgings (A 73 — 36), 
Staybolt Wrought Iron, Solid (A 84 - 36), 
Staybolt Wrought Iron, Hollow Rolled (A 86 — 36), 
Uncoated Wrought-Iron Sheets (A 162 - 36), and 
Zinc-Coated (Galvanized) Wrought-Iron Sheets (A 163 —- 36). 


The recommendations appearing in this report have been submitted to 
letter ballot of the committee which consists of 57 members; 41 members 
returned their ballots, the results being as follows: 


Items 


I. Proposep Revisions or Tentative STANDARDS 
Specifications for Wrought-Iron Plates (A 42 - 36 T) 
Specifications for Wrought-Iron Rivets and Rivet Rounds (A 152-36 T)...............0000ee- 
Specifications for Single and Double Refined Wrought-Iron Bars (A 189 - 36 T) 


II. Proposep Revisions op STaNDARDS 


RESOLUTIONS ON DEATHS OF MEMBERS 


The resolutions adopted by Committee A-2 on the deaths of two of its 
members are given below: 


J. C. RAMAGE 


Wuereas, through death on October 21, 1936, we have lost our friend and 
co-worker, J. C. Ramage, a member of this committee since its formation in 1909, and 
Wuereas, his experience in the testing of materials, his wisdom, judgment and 
farsightedness were invaluable to his fellow members, particularly during the early 
‘See pp. 1307 to 1310. 
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years of committee work when character and talents such as he possessed were mast 
needed, and 

WuerEAs, his unfailing courtesy and kindliness endeared him to his fellow 
members, therefore, 

Be Ir RESOLVED, that the members of Committee A-2 on Wrought Iron of t! 
American Society for Testing Materials, in meeting assembled this third day of 
March, 1937, express their deep regret at his passing and extend sincere sympathy to | 
those bereaved, and ing ° 

Be Ir FurTHER RESOLVED, that this resolution be spread upon the minutes 
this meeting and that copies be sent to the family of Mr. Ramage and to the South 
Railway Co. of which he was Engineer of Tests. —_ 


Tuomas S. WHEELWRIGHT 


WHEREAS, through death on December 31, 1936, we have lost our friend and Prop 
co-worker, Thomas S. Wheelwright, a member of this committee since 1925, and 

WueErEAs, his kindly humor, his genuine interest in the affairs of the committee 
and his unfailing courtesy will long be remembered by his fellow members, therefore, 

BE It RESOLVED, that the members of Committee A-2 on Wrought Iron of the 


American Society for Testing Materials, in meeting assembled this third day of free 
March, 1937, express their deep regret at his passing and extend sincere sympathy to | 
those bereaved, and bet 


Be It FurTHER RESOLVED, that this resolution be spread upon the minutes of 


to! 
this meeting and that copies be sent to the family of Mr. Wheelwright and to the 
Old Dominion Iron and Steel Works of which he was President. 
pro 
This report has been submitted to letter ballot of the committee which a 
consists of 57 members; 41 members returned their ballots, of whom Pre 
40 have voted affirmatively and 1 negatively. 
Respectfully submitted on behalf of the committee, “4 wo 
J. B. Youne, ™ 
Chairman. > 
G. H. Wooprorre, 
Secretary. 
of 
EpiroriaL Note 
Subsequent to the annual meeting, Committee A-2 on Wrought Iron presented 


q the Society on August 26, 1937, through Committee E-10 on Standards the follow- 
ing recommendations: 
Proposed Tentative Specifications for Rolled Wrought-Iron Shapes and Bars, and 
Proposed Tentative Revisions of Standard Specifications for: 


Iron and Steel Chain (A 56 — 30), 
Staybolt Wrought Iron, Solid (A 84 36), and 
Staybolt Wrought Iron, Hollow Rolled (A 86 36). 


The above recommendations were accepted by Committee E-10 and appear on 
pp. 649, 1307, 1308 and 1310, respectively. 
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APPENDIX 


PROPOSED REVISIONS IN TENTATIVE STANDARDS 
FOR WROUGHT IRON 
In this Appendix are given proposed revisions of specifications cover- 
ing wrought iron and its products, as referred to earlier in this report. 
In connection with each title is given the reference to the publication in 
which the specifications appear in their present form. 


Proposed Revisions of Tentative Standards 


Proposed Revision of Tentative Specifications for Wrought-Iron Plates (A.S.T.M. 
Designation: A 42 — 36 T):! 


Section 2.—Change from its present form: namely, 


2. (a) All plates shall be rolled from blooms, piles or slabs which are entirely 
free from any admixture of iron scrap (Note) or steel. 

(b) Piles for plates shall be made from wrought iron. The constituent bars shall 
be the full length of the pile. 


to read as follows: 


Gone 
2. Plates shall be rolled from blooms, piles or slabs made from all pig puddled or 
processed wrought iron, free from any admixture of iron scrap (Note) or steel. The 
component parts of piles shall be of the full length of the pile. 


Proposed Revision of Tentative Specifications for Wrought-Iron Rivets and Rivet 
Rounds (A.S.T.M. Designation: A 152 — 36 T):' 


Section 1.—Change to read as follows by the addition of the italicized 
words and the omission of the word in brackets: 


1. The rivet bars shall be made from all pig puddled or processed wrought iron, 
[which] and shall be free from any admixture of iron scrap or steel. 


Proposed Revision of Tentative Specifications for Single and Double Refined 
Wrought-Iron Bars (A.S.T.M. Designation: A 189 — 36 T):! 


Section 2.—Change Paragraph (a) to read as follows by the addition 
of the italicized words and the omission of those in brackets: 


2. (a) The bars shall be made from pig puddled or processed wrought iron and 
shall be free from any admixture of iron scrap or steel. In the final piling all bars 
shall be of the full length of the pile. 

Grade A.—The original muck bars shall be [twice] piled, rolled, repiled and 
rerolled. 

Grade B.—The original muck bars shall be piled and [rerolled] rolled. 


Section 5.—In the table of physical properties change footnote “a, 
which refers to the elongation requirement of Grade A bars under 1% in 
in diameter, to read as follows by the addition of the italicized words and 
figures and the omission of the figure in brackets. Also, add the reference 


! Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, PP. 652, 658, 648 (1936); also 1936 Book of 
AS.T.M. Tentative Standards, pp. 204, 210, 200. 


. 
> Most | 
fellow 
of the 
ay of 
hy to 
tes of | 
ithern 
| 
efore, 
of the 
ay of 
hy to 
hich 
(107) 


108 Report oF ComMmitrer A-2 (APPENDIX) 


letter “‘a” after the elongation requirement of Grade B bars under 1 in, 
in diameter: 


@ Bars not exceeding (3) 7/8 in. in diameter or thickness will be accepted if the elongation in 8 in. is not 
less than 25 per cent for Grade A and 22 per cent for Grade B material. 


Add a footnote “‘b” to read as follows, the reference letter to be added 
after the lines ‘‘tensile strength, lb. per sq. in.” for Grades A and B bars: 
“A deduction of 1000 lb. per sq. in. shall be allowed from the minimum tensile strength specified for 
specimens reduced by machining. 
Section 9.—Change the last sentence in Paragraph (a) to read as follows 
by the addition of the italicized words and the omission of the words and 
figure in brackets: 


For bars over 2} in. in diameter or thickness, the axis of the tension specimen 
shall be located at any point one-half the distance from the center to the surface and 
shall be parallel to the axis of the bar; and the specimen [shall] may be turned to 
[the] @ convenient diameter [of 1 in.] for a length of at least 9 in. with enlarged ends. 


Change the third sentence in Paragraph (0) to read as follows by the 
addition of the italicized words and the omission of those in brackets: 


For flat bars the bend [specimen] specimens may be reduced to a width not less 
than [their] the thickness of the bar. 


Add a new sentence between the present third and fourth sentences to 
read as follows: 


In any case, however, it is permissible to reduce the bend test specimen for flat 
bars to at least a 1-in. square. 


Section 10.—Add a new Paragraph (b) to read as follows, relettering 
the present Paragraph (b) as Paragraph (c): 


(b) Where small lots of different sizes are to be tested the bars shall be grouped 
into lots of 5000 Ib., or fraction thereof, without regard to size, and one bar represent- 


ing each lot of 5000 lb., or fraction thereof, shall be tested as specified in Sections 4, 
‘5, 6, 7 and 8. 
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REPORT OF COMMITTEE A-3 


ON 
east IRON 


Since the last annual meeting of the Society, Committee A-3 on Cast 
Iron has held two meetings, one in Cleveland, Ohio, on October 20, 1936, 
and the other in Detroit, Mich., on March 3, 1937. A third meeting will 
be held during the coming annual meeting of the Society. 

It is with regret that the committee records the loss through death of 
the following members: Dr. F. C. Langenberg, Vice-President of the 
United States Pipe and Foundry Co., who served as chairman of Sub- 
committee I on Pig Iron; Mr. N. S. Hill, Jr., consulting engineer; and 
Mr. J. C. Ramage, Engineer of Tests of the Southern Railway Co. 

One member of the committee has resigned and two have been elected 
to membership, which brings the total personnel of the committee to 101 
members, of whom 27 are classified as producers, 42 as consumers, and 32 
as general interest members. 

Subsequent to the 1936 annual meeting, Committee A-3 presented to 
the Society through Committee E-10 on Standards, proposed Tentative 
Definitions of Terms Relating to Cast Iron (A 196 — 36 T) which had been 
prepared by Subcommittee X on Nomenclature and Definitions (Robert 
Job, chairman). The proposed tentative definitions were accepted' by 
Committee E-10 on August 26, 1936, and appear in the 1936 Proceedings.” 

It is recommended that the present tentative standards under the juris- 
diction of Committee A-3 be continued as tentative without revision. 

Subcommittee IV on Car Wheels (F. K. Vial; chairman) is at work on a 
complete revision of the Tentative Specifications for Chilled-Tread Cast- 
Iron Wheels (A 46~—30 T). . These specifications are to be rearranged and 
when completed the revised specifications will be in close agreement with 
the specifications for car wheels developed by the Association of American 
Railroads. 

Subcommittee VI on General Castings (J. W. Bolton, chairman) has under 
consideration the establishment of deflection values in the flexure test for 
inclusion in the Standard Specifications for Gray-Iron Castings (A 48 — 36). 

Subcommittee XI on Methods of Testing (R. S. MacPherran, chairman) 
has been granted an appropriation of $200 by the Society’s Committee E-9 


‘In submitting these tentative definitions to Committee E-10 on Standards, Committee A-3 reported 
results of the letter ballot vote as follows: Out of a total membership of 102, 70 members returned their ballots, 
{ whom 67 voted affirmatively, 1 negatively. and 2 members marked their ballots ‘‘not voting.” 


* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 667 (1936); also 1936 Book of A.S.T.M. Tentative 


Standards, p. 236. 
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on Research for research work on fatigue tests of cast iron being carried out 
by J. B. Kommers of the University of Wisconsin. The subcommittee will 
collaborate with Professor Kommers in this work. 

Subcommittee XV on Impact Testing (J. T. MacKenzie, chairman) has 
done sufficient work on impact testing to warrant making this information 
available to other members who are interested in conducting tests along 
the same lines. However, before doing so, a standard drop test machine 
must be adopted. The subcommittee plans to contact manufacturers of 


testing equipment for information regarding the quality of mechanical 
devices for this machine. 


This report has been submitted to letter ballot of the committee which 
consists of 101 members; 63 members returned their ballots, of whom 61 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


W. ROTHER, 


Chala 
BH. C. Av FDERHAAR, 


Secretary. 
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ON 
CORROSION OF IRON AND STEEL 


Committee A-5 on Corrosion of Iron and Steel has held two meetings 
during the past year; one on June 30, 1936, during the annual meeting of 
the Society at Atlantic City, N. J., and the other on March 3, 1937, at the 
spring group meetings of A.S.T.M. committees in Chicago, Ill. 

Since the last report, 5 new members have been elected and 1 member 
has died; the committee membership now totals 126, of whom 57 are clas- 
sified as producers, 46 as consumers, and 23 as general interest members. 


RECOMMENDATIONS AFFECTING STANDARDS 


Proposed Revisions of Standards—The committee recommends that 
the revisions proposed in the following two standard specifications be 
accepted for publication as tentative in the form of two new tentative 
specifications, as appended hereto:! 


Standard Specifications for: 

Zinc-Coated (Galvanized) Iron or Steel Farm-Field and Railroad Right-of-Way 
Wire Fencing (A 116 - 30),? and 

Zinc-Coated (Galvanized) Iron or Steel Barbed Wire (A 121 — 30).* 


The requirements of the proposed revised specifications differ from 
those prescribed in the present standard specifications primarily in the 
inclusion of three weight-of-coating classes for both fencing and barbed 
wire. 

These recommendations have been submitted to letter ballot of the 
committee which consists of 126 members; 124 members returned their 
ballots, the results being as follows: 


Items 


Proposep Tentative Revistons or STANDA 


pecifications for Zine-Coated (Galvanized) Iron or Steel Farm-Field — | Railroad Right-of-Way 
Wire Fencing (A 116 -30) 


Pecifications for Zinc- Coated (Galvanized) Iron or Steel Barbed Wire (A 121 - 30) 


1See pp. 646 and 643. 


? 1936 Book of A.S.T.M. Standards, Part I, p. 368. 
3 Ibid., p. 362. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Inspection of Annapolis Tests (E. S. Taylerson, 
chairman).—Since the inspection on November 4, 1935, the subcommittee 
has held two meetings at Annapolis, Md. On April 27, 1936, 15 failures 
were observed, namely, A6, A8, A9, Al3, Al4 (non-copper bessemer steel), 

4 (copper-bearing open-hearth steel), D5, D12 (non-copper pure iron), 
Es (copper-bearing puddled iron), B4 (copper-bearing basic open-hearth 
steel), T1, T3, T10 (copper-bearing open-hearth steel), U11 (copper- 
bearing pure open-hearth iron), and Y1 (non-copper wrought iron). On 
October 16, 1936, 9 failures were observed, namely, Al2 (non-copper 
bessemer steel), B7 (copper-bearing open-hearth steel), B27 (non-copper 
open-hearth steel), C23 (copper-bearing pure open-hearth iron), M14 
copper-bearing open-hearth steel), U4, U8 (copper-bearing pure open- 
hearth iron), and V11, V12 (copper-bearing pure open-hearth iron). All 
of the failures recorded up to this time are in the No. 22 gage material. 
A summary of the failures to date is given in the accompanying Table I. 

At the inspection held in October, 1936, the committee celebrated the 
twentieth anniversary of these atmospheric corrosion tests at a banquet 
held at Carvel Hall, Annapolis. Some of the men who constituted the 
original A.S.T.M. committee in charge of this long-time test program and 
a number of others now active in the inspection and several invited guests 
were present. 

Subcommittee V on Total Immersion Tests (W. J. Jeffries, chairman) .— 
Although no meetings of the subcommittee have been held during the past 
year, the routine inspections of the copper-bearing and non-copper-bearing 
steel sheet specimens submerged in sea water at the U. S. Navy Yards at 
Key West, Fla., and Portsmouth, N. H., have been made during the year. 
At Key West there are still 18 specimens remaining on the test racks, 14 
having failed since the 1936 report. The 1936 report! of this subcommittee 
showed 2 specimens remaining at Portsmouth. At the inspection on 
September 8, 1936, the last specimen exposed at Portsmouth was found 
to have failed, and the exposure test at this location has, therefore, been 
completed. The failures observed at the inspections made during the past 
year are given below: 


FAILURES AT KEY WEST 
(No. 16 Gage Sheets Exposed March 1, 1927, in Sea Water) 
SPECIMEN Rack DaTES OF INSPECTION 


CC-12 April 24, 1936 
MM-9 April 24, 1936 
CC-8 June 25, 1936 
EE-9 September 25, 1936 
CCC-17 October 26, 1936 
' For detailed tabulations of failures observed in the total immersion tests at Key West, Fla., and Pte 


mouth, N. H., see Tables I and II (Plates I and II) of the 1936 Report of Committee A-5, Proceedings, Am. Soc. 
Testing Mats., Vol. 36, Part I, p. 104 (1936). 


| 
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Famures at Key WEst (Continued) 

(No. 16 Gage Sheets Exposed March 1, 1927, in Sea Water) 
SPECIMEN Rack _ Dates oF INSPECTION» 
UU-4 January 22, 1937 © 
DD-12 January 22, 1937 
XX-7 February 24, 1937. 
VV-35 March 24, 1937 
FF-11 March 24, 1937 
CCC-12 _ March 24, 1937 
TT-1 March 24, 1937 
DD-21 April 26, 1937 
CC-7 June 25, 1937 

FAILURES AT PORTSMOUTH 

(No. 16 Gage Sheets Exposed March 7, 1927, in Sea Water) 
CCC-34 6 . August 5, 1936 
VV-51 5 September 8, 1936 


The steel pipe specimens immersed at both of the above locations 
appeared to be in the same condition as was described in the report of the 
committee last year, at which time general corrosion and pitting were 
reported to be uniform over all the specimens. The tests have not pro- 
gressed to a point where conclusions may be drawn. 

The riveted corrosion test plates submerged at Portsmouth and Key 
West have undergone the usual inspection. Copper replicas will be made 
as usual. 

Subcommittee VI on Specifications for Metallic-Coated Products (W. H. 
Finkeldey, chairman).—Subcommittee VI has held two meetings during 
the past year. It has prepared and presented to Committee A-5 proposed 
tentative revisions of the Standard Specifications for Zinc-Coated (Gal- 
vanized) Iron or Steel Farm-Field and Railroad Right-of-Way Wire Fencing 
(A 116-30) and for Zinc-Coated (Galvanized) Iron or Steel Barbed Wire 
(A 121-30) in the form of two new tentative specifications, appended 
hereto.! 

The Section on Strand is preparing proposed revisions of the Standard 
Specifications for Zinc-Coated (Galvanized) Iron or Steel Wire Strand 
(Cable) (A 122-33). It is proposed to reduce the number of sizes of 
strand shown in Table II of the present specifications, to increase the weight 

f zinc coatings shown in Table I, to revise the minimum number of dips 
in the Preece test, to revise the tables of physicai properties of strand, and 
to revise the text to conform to these changes. 

The Section on Chain Link Fence is working on proposed revisions 
of the Standard Specifications for Zinc-Coated Iron or Steel Chain-Link 
Fence Fabric Galvanized After Weaving (A 117 — 33) and on the preparation 
of proposed specifications for chain-link fence fabric galvanized before 
weaving. It is expected that the new and revised specifications will be 
submitted to Subcommittee VI in June. 


1 See pp. 646 and 643. 
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The Section on Plated Coatings is awaiting the development of methods 
of determining the thickness of coatings before proposing any revisions in 
the Tentative Specifications for Electrodeposited Coatings of Zinc on Steel 
A 164 -35 T), Cadmium on Steel (A 165 — 35 T), and Nickel and Chro- 
mium on Steel (A 166 —- 35 T). 

The Section on Line Wire plans to review the Standard Specifications 
for Zinc-Coated (Galvanized) Iron or Steel Telephone and Telegraph 
Line Wire (A 111-33) and to prepare such revisions as are desirable to 
bring these specifications in line with improvements in the manufacture 
of these materials. 

There has been considerable discussion of the aluminum limit of 0.01 
per cent in the bath prescribed in the Standard Specifications for Zinc 
Hot-Galvanized) Coatings on Structural Steel Shapes, Plates and Bars 
and Their Products (A 123-33). Apparent difficulties in meeting this 
requirement have been traced to inaccurate analytical methods. Both 
chemical and spectrographic methods of analysis of sufficient accuracy are 
available, and since no reference is made in the specifications to a proper 
analytical method, it is proposed to revise the specifications to include 
such a reference. 

The Tentative Specifications for Zinc Coating (Hot-Dip) on Hard- 
ware and Fastenings (A 153-33 T) are to be continued as tentative for 
another year. It is proposed to revise these specifications to include 
reference to a test method for determining the weight or thickness of coat- 
ing when the development of this subject has been completed by Sub- 
committee VII. 

Subcommittee VIT on Methods of Testing (L. W. Hopkins, chairman).— 
Subcommittee VII has held one meeting during the year, at Atlantic City 
in June, 1936. Other meetings have been held by the sections working on 
specific projects. 

The subcommittee cooperated in the preparation and presentation of 
the Symposium on Corrosion Testing Procedure,' held on March 2, 1937, 
in Chicago, as this is the type of work with which Subcommittee VII is 
directly concerned. 

Comments have been received on the Tentative Method of Test for 
Uniformity of Coating by the Preece Test (Copper Sulfate Dip) on Zinc- 
Coated (Galvanized) Iron or Steel Wire (A 191-36 T) and are being 
studied by the section working on the Preece test. 

Methods for determining the weight of coating on zinc-coated hard- 
ware have been studied by the Section on Hardware and it is expected that 
these will be ready for presentation in June to the subcommittee for sub- 
mission as a tentative standard. 


‘Symposium on Corrosion Testing Procedure, Chicago Regional Meeting, Am. Soc. Testing Mats. (1937), 
Available as separate publication.) 
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The Section on Test Methods for Determining the Weight or Thick. 
ness of Plated Coatings has studied several methods, including metallo- 
graphic, stripping, the chord method, dropping, jet, and spot tests, and a 
newly developed magnetic method for nickel coatings. Before attempting 
to prepare standards it is planned to compile and distribute these methods 
in the hope that further comparative work will be done and comments 
received. 

Subcommittee VIII on Field Tests of Metallic Coatings (R. F. Passano, meth 
chairman).—-Subcommittee VIII has held one meeting since the last annual = 
meeting of the Society. Inspection of the galvanized sheets and coated wine 
hardware exposed at five test locations is being continued periodically, a 
Since the developments in these two field tests are not now so rapid as 9 | 
they were, it did not appear advisable to devote this year’s report to them. illo 
Extensive data and information concerning these two investigative studies et 
have been made available in earlier reports;! at present there is no great a 
change in either the amount of data or the indications of the exposure tests. 

The principal progress made by Subcommittee VIII during the year 
has been in connection with the third and last of the authorized field tests 
on its original program, namely, the field tests on wire and wire products. 

A detailed account of the erection of the specimens involved in these tests 
is given in the Report of the Wire Test Committee which appears as an 
Appendix to this report. 

Subcommittee X on Embrittlement Investigation (W. G. Kelley, chair- 
man).—Subcommittee X has practically completed its work and has held 
no meetings during the year. a a 


This report has been submitted to letter ballot of the committee which 
consists of 126 members; 124 members returned their ballots, of whom 116 
have voted affirmatively and 8 negatively. 


Respectfully submitted on behalf of the committee, 


F. F. FARNSWORTH, 
Chairman. 
T. R. GALLoway, 


Secretary. 


1 For the two latest detailed reports on these inv estigations, see co Proceedings, Am. Soc. 


Vol. 36, Part I, p. 107 (1936), and Vol. 35, Part I, p. 88 (1935). 
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The complete early history of the wire test program, its scope and 
methods of procedure and the personnel responsible for its carrying out 
were published in the 1934 report' of Subcommittee VIII on Field Tests of 
Metallic Coatings. In the Appendix to the 1934 report was given a detailed 
breakdown of the types of materials to be tested and the numbers of samples 
to be exposed. The program, as outlined in the 1934 report, has been 
followed very closely and the committee is pleased to report the virtual 
completion of the phase of the wire test program for which it has been 
responsible. 

Attached to this 1937 report is an Appendix, drawn up along the lines 
of the Appendix previously given in the 1934 report, showing the exact 
numbers and types of specimens which have been exposed, their distribution 
to the various test sites and their location in the test plot. The Appendix 
as now presented carries all of the data available on the test materials 
exposed which have been obtained to date. Complete chemical and physical 
characterizations of the original materials provided for by this committee in 
the referee testing which is to be done by the National Bureau of Standards 
will not be available for several months but will be published as a part of 
the Subcommittee VIII report at the earliest possible moment. 

The major portion of the work required subsequent to the organization 
of the testing program by the Wire Test Committee has been done by 
Mr. C. L. Warwick, Secretary-Treasurer of the Society, who has acted as 
Director of Tests, and by Mr. H. E. Smith, who has functioned as Engineer 
of Tests. It will be realized that the magnitude of the work made it 
impossible to carry on under normal committee routines and that the full 
time of a capable engineer was required to adequately supervise the job. 
The committee wishes here to formally acknowledge the extremely efficient 
and capable manner in which the Director and Engineer of Tests have 
carried out the complicated task handed to them and to compliment them 
on the type of job they have performed and the precision with which it has 
been carried out. 

The committee wishes to state its appreciation of the importance of the 
following factors in making possible a test program of this type: 

It has been able to function under the direction of the American 

Society for Testing Materials which has made available its resources 

and organization for the prosecution of this work. 


‘Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 159 (1934). m 
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It has enjoyed the enthusiastic and generous cooperation of the 
various state agricultural colleges which have set aside for a period of 
20 yr. a test site for this work, have appointed a staff member to be jp 
responsible charge of the test site and to represent the Americap 
Society of Agricultural Engineers on inspections of tests to be made at 
each particular location, and have furnished the protective enclosures 
for the test site, and erected the test racks within the enclosure. These 
colleges have, in addition, agreed to maintain the test site over the 
expected test period of 20 yr. This type of cooperation has relieved 
the committee of a tremendous amount of responsibility and expense 
and has made available to it test facilities widely scattered throughout 
the United States which could have been obtained in no other way. 

Interested producers of the materials under test have been gen- 
erously willing to prepare special heats of material as required by the 
committee, to carefully test these products in their own laboratories 
and furnish these data to the committee, and to assign responsible mate 
engineers to the job of aiding in the planning and prosecution of the 
test program and in the long and involved inspection program which 
must follow the inauguration of the tests. 

Vitally necessary financial assistance has been realized through 
the generous contribution of funds required to defray the necessary 
expenses of the tests made by interested consumer organizations. 
Typical expenses which have required such contributions are: ware- 
house rental, salaries of the Engineer of Tests and his helpers, trucking, 
freight, the purchase of incidental materials for the test racks, and 
salaries of the engineers carrying out the referee tests at the Bureau 
of Standards. 

The committee at this time wishes to formally acknowledge the 
_ assistance given to it by the various cooperative agencies listed below: 


Mr. C. L. Warwick, Director of Tests 
Secretary-Treasurer of the American Society for Testing Materials 
Mr. H. E. Smith, Engineer of Tests 
Professor H. W. Riley, American Society of Agricultural Engineers, Official 
representative on Committee A-5 
The Cooperating Universities, Colleges, and Experiment Stations: 
Cornell University, Ithaca, N. Y. 
Professor H. W. Riley 
Iowa State College, Ames, Iowa 
Professor J. B. Davidson 
Kansas State College, Manhattan, Kans. 
Professor F. C. Fenton 
Pennsylvania State College, State College, Pa. 
Professor R. U. Blasingame 
Purdue University, Lafayette, Ind. 
Professor William Aitkenhead 
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_ Texas Agricultural Experiment Station, College Station, Tex. 
Professor H. P. Smith 
University of California, Agricultural College, Davis, Calif. 
Professor J. D. Long 


Manufacturers who have furnished test materials without charge to 
the committee, as follows: 


American Steel and Wire Co. _ Page Steel and Wire Division of American 
Anchor Post Fence Co. Chain and Cable Co., Inc. a 
Bethlehem Steel Co., Inc. Pittsburgh Steel Co. _ 
Continental Steel Corp. John A. Roebling’s Sons Co. 

Copperweld Steel Co. Wheeling Metal and Manufacturing Co. 
Cyclone Fence Co. Wickwire Spencer Steel Co. 

Indiana Steel and Wire Co. Williamsport Wire Rope Co. 

Keystone Steel and Wire Co. oa 


Manufacturers who have furnished, without charge or at cost, structural 
materials for supports, fabricating service or erection service, as follows: 

American Sheet and Tin Plate Co. Hanlon-Gregory Galvanizing Co. 

American Steel and Wire Co. i Hubbard and Co. 

Anchor Post Fence Co. Inland Steel Co. 

Bayonne Bolt Works Keystone Steel and Wire Co. 

Bethlehem Steel Co., Inc. John W. Masury and Son 

Carnegie-Illinois Steel Corp. Page Steel and Wire Co. 


Continental SteelCorp, Pittsburgh Steel Co. _ 


Copperweld Steel Co. Republic Steel Corp. 

Cyclone Fence Co. : oe Western Union Telegraph Co. 
Diamond Expansion Bolt Co., ee. Wickwire Spencer Steel Co. 
Frick-Reid Supply Corp. Youngstown Sheet and Tube Co. 


The committee is also indebted to the Duquesne Light Co., Pittsburgh, 
Pa., and the Quartermaster’s Office, Fort Hancock (Sandy Hook), N. J., 
lor services made available in connection with the erection of samples at 
those two locations; also to the City of Santa.Cruz, Calif., for making 
available to the committee a very suitable test site for the desired period 
of 20 yr. 

Organizations which have contributed funds for the support of this 
project. The original contributors to the A-5 research fund designed to 
catry out outdoor exposure tests on galvanized sheets, hardware and wire 
were as follows: (This list was reported previously in the April 30, 1925, 
Bulletin of the Society.) 


American Chain Co. American Zinc Institute, Inc. 
American Malleable Castings Associ- Babcock and Wilcox Co. 


ation _ Bethlehem Steel Co., Inc. 
American Metal Co., Ltd. Birdsboro Steel and Foundry Co. 
American Rolling Mill Co. A. M. Byers Co. 


American Sheet and Tin Plate Co. ‘H. Y. Carson 
American Steel and Wire Co. Central Steel Co. — 


r 

119 

| 

fficial 


Report oF ComMITTEE A-5 
Crane Co. St. Joseph Lead Co. 


Eagle-Picher Lead Co. Sheet Steel Trade and Extension 


Electro-Sherardizing Co. Committee 
Finn Metal Works, Jno. a Standard Oil Co. (New Jersey) 
General Electric Co. Stanley Works 


Hanson and Van Winkle Co. Tennessee Coal, Iron and Railroad 
International Derrick and Equipment Co. 


Co. The Texas Company . 
International Harvester Co. Tidewater Oil Co. 
Keystone Steel and Wire Co. United Alloy Steel Corp. 
Koppers Co. U.S. Chain and Forging Co. 
Lukens Steel Co. Vacuum Oil Co. 
National Tube Co. Western Electric Co., Inc. 
New Jersey Zinc Co. Western Union Telegraph Co. 
Newport Rolling Mill Co. Westinghouse Electric and Manufac- 
Ohio Brass Co. turing Co. 
Pittsburgh Electro Galvanizing Co. Wheeling Steel Corp. 
Reading Iron Co. Wood Iron and Steel Co., Alan 
Republic Iron and Steel Co. York Manufacturing Co. 


Robinson and Co., Dwight P. Youngstown Sheet and Tube Co. 
Roebling’s Sons Co., John A. 


Recent contributions made to enable the completion of the wire test 
_ program (greatly enlarged over its original scope) have been made by the 
following organizations: 


The committee is particularly indebted to these two organizations for their 
extremely generous financial assistance. As a result of the availability of 
these funds, it has been possible for the committee to arrange with the 
National Bureau of Standards to have all referee testing of the original 
chemical and physical properties of the test materials done at one laboratory 
by one group of test engineers. ‘The committee feels that in no other way 

_ could it obtain the precise data on original samples necessary for the drawing 

of adequate technical conclusions at the completion of the test. 

The accounting of committee funds for this test program is as follows: 
When the wire test program was begun, the committee had available for its 
entire corrosion test program $8678.57, which included the $2000 contribu- 

tion from the American Zinc Institute but not the later contribution of the 
Utilities Coordinated Research, Inc. Expenditures for the wire tests, up 

_to and including February 4, 1937, totaled $7159.51. The major expens¢ 
items involved the salary of the Engineer of Tests, purchase of support 
material, wages for labor and similar charges in connection with fabrication 
and erection of samples, and shipping costs on support and test materials. 
These expenditures, together with $1500 ear-marked by Committee A-5 for 
the maintenance of other test projects, left available on February 4, 1937, 
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for the completion of the wire test project a total of $19.06. Since that time, 
the Utilities Coordinated Research, Inc., have contributed an additional 
$6000 to carry these tests to completion. Of this $6000, $4000 will be spent 
during the coming year at the National Bureau of Standards to pay the 
salaries of two research associates engaged to carry out the referee testing 
program designed to determine the original chemical and physical properties 
of the test materials. The remainder of the fund, although small, will be 
required to defray necessary expenses involved in the inspection of samples 
over a period of years. 

The committee is glad to report, through the efforts of Dr. L. J. Briggs 
Director, and Dr. H. S. Rawdon, Metallurgist, of the National Bureau of 
Standards, that Mr. Thurston D. Brown and Mr. Alfred L. Finn have been 
engaged as research associates at the Bureau and have begun the referee 
testing of all materials exposed in the tests. These associates will appear 
on the records of the Bureau of Standards as employees of the National 
Research Council, for which purpose the Council has agreed to administer 
the funds for support of this work in a manner similar to the administration 
of many similar funds supporting research men at the Bureau. It has been 
anticipated that the referee testing program will require the employment of 
these two associates for a year. When this testing program has been 
completed and complete data have been obtained on the original materials 
exposed for test, a supplement to the present report will be published so 
that complete information on all materials exposed will be available in the 
publications of the Society. 

With the publication of the data obtained in these referee tests at the 
Bureau of Standards, the work of the Wire Test Committee will have been 
completed. The inspection of exposed materials and the publication of 
inspection data and conclusions drawn from the tests were not the respon- 
sibility of the Wire Test Committee. These functions are the responsibility 
of a wire test inspection group, now being organized by Subcommittee VIII 
of Committee A-5, and it is to this group that the wire test program com- 
mittee gladly turns over the further prosecution of the wire tests. 


Respectfully submitted on behalf of the Wire Test Committce, 


F. F. FARNSWORTH, 
Chairman, 
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_ APPENDIX TO THE REPORT OF THE WIRE TEST COMMITTEE 


The wire test program, as approved by Subcommittee VIII in 1934! 
has been completed essentially as planned. 

The following materials have been exposed in locations that are con- 
sidered representative of the atmospheric conditions met by these products: 


Farm-Field Fencing Barbed Wire 
Unfabricated Wire Wire Strand 


Chain-Link Fence 


PLAN OF THE TEST 

_ The primary purpose of the tests is to determine the effect of such 
factors as base-metal composition, gage, type of coating, weight of coating, 
etc., on the serviceability of zinc-coated strand, barbed, and woven wire 
fencing and unfabricated wire. All samples included in the tests have been 
carefully prepared and selected to represent hand-picked samples rather 
than the commercial run of product. Limits on the composition of base 
metal and the weight of coating and the classes of weights of coating have 
been very carefully chosen. No test materials have been purchased in the 
open market. 

Only unfabricated wire samples will be returned to a central testing 
laboratory for determination of progressive changes in the physical proper- 
ties of the wire as weathering continues. The fencing, barbed wire, and 
strand samples will be inspected at the test sites for general appearance, 
spread of rusting, etc. 

The collecting, testing, marking and shipping of the samples to the 
test sites have been carried out so that the identity of the producer of a 
particular sample remains unknown. All records pertaining to the source 
of supply of test materials are to be destroyed as soon as data have been 
obtained on the original chemical and physical properties of the materials. 

The committee has decided that no particular end point shall be 
sought in determining the serviceability of test specimens. It is felt that 
a rather complete picture of the deterioration of the samples, including 
extent of rusting, change in tensile properties and weight of coating, and 
decrease in cross-section of wires will furnish information suitable for pre- 
dicting serviceability of the products. 

1 Proceedings, Am, Soc. Testing Mats., Vol. 34, Part I, p. 159 (1934). 
(122) 
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Report OF Test Commitrie (APPENDIX) 


Test LOCATIONS 


The test locations and the types of materials under test at each location 


are shown in Table I. 


TABLE I.—Test LOCATIONS. 


The / mark indicates that only those materials checked at each location have been exposed at that 


FarM Fence UNFABRI- 
AND BARBED CATED WIRE Cuatin-LInK 
T LOCATIONS W WIRE STRAN FENCE © 


D 
tate College, Pa /* “* 
fayette, Ind V 
llege Station, Tex 7 
mes, lowa 
thaca, N. Y 
Pittsburgh, Pa 
Sandy Hook, N. J 
Bridgeport, Conn 
avis, Calif... 
nta Cruz, Calif 


* 


J/ 
* Additional samples have been provided at these test locations for determining the loss of weight of zine 
tings. 

** Samples have not yet been erected. 


A severe industrial atmosphere is obtained at the Pittsburgh, Pa., 
test site located at Brunot Island in the Ohio River about two miles west 
of the city of Pittsburgh. It is on the property of the Duquesne Lighi Co. 

The site at Bridgeport, Conn., is also an industrial exposure, probably 
somewhat more moderate than the Pittsburgh location. The samples are 
exposed in the test yard of the American Chain Co. 

An eastern seacoast exposure is obtained at Sandy Hook, N. J. The 
test field is located within the government reservation at Fort Hancock. 

On the west coast, the University of California has provided a loca- 
tion at Santa Cruz which is essentially a seacoast exposure. It is located 
ipproximately three miles from the Pacific Ocean. 

Rural exposures have been obtained at points widely distributed 
throughout the United States. These test fields have been obtained 
through the cooperation of the Agricultural Departments of the following 
colleges and Experiment Stations: Pennsylvania State College, State 
College, Pa.; Purdue University, Lafayette, Ind.; Texas Agricultural 
Experiment Station, College Station, Tex.; Iowa State College, Ames, 
lowa; Cornell University, Ithaca, N. Y.; and Kansas State College, Man- 
hattan, Kans. The location at Davis, Calif., also provided by the Uni- 
versity of California, is inland approximately eighty miles and may be 
considered as a typical rural exposure for this section. 

The test sites at Pittsburgh, Sandy Hook, and Pennsylvania State 
College adjoin the test racks on which the sheet tests of Subcommittee VIII 
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Report or ComMMITTEE A-5 


MATERIALS 
Farm-Field Fencing: 
Farm-field fencing, fabricated from wires of the following materials 
are included in the tests: 


Uncoated copper-bearing steel 
Zinc-coated copper-bearing steel 
Corrosion-resistant steel 
Copper-covered steel 
Lead-coated steel 


All farm fence samples with the exception of the lead-coated specimens are 
of standard hinge-joint type, 39 in. in height with 6-in. stay spacing. 

The base metals of the wires composing the zinc-coated and un- 
coated fences were submitted as being basic open-hearth, copper-bearing 
steel containing 0.20 to 0.25 per cent copper and 0.08 to 0.20 per cent 
carbon. 


The bare wire samples were bright lime-drawn and lead-annealed in 
such a manner as to produce physical properties approximating those of 
the zinc-coated samples. The wires were not coated with any substance 
after drawing. 


Four types of farm-field fencing were exposed as shown in Table IL. 


TABLE II.—Types OF FARM-FIELD FENCING. 
GaGE* oF 
GaGE* or Top INTERMEDIATE 
AND BoTToM Line WIRES AND NUMBER OF 
LinE WIRE Stay WIRES SAMPLES 


No. 
No. 
No. 
No. 


* Steel wire gage. 


Classification of the samples of farm-field fencing as to types and 
weights of coating are shown in Table III. 


TABLE III.—CLassEs oF Z1NC-COATED FARM-FIELD FENCING AS TO TYPES AND WEIGHTS 
OF COATING. 
WEIGHT OF 

COATING, 

OZ. PER SQ. FT. NUMBER OF 

OF UNCOATED SAMPLES 

TYPE oF FENCE WIRE SURFACE EXxPposeD 


2 3 and 4 .20 to 0.30 
1 and 2 .25 to 0.35 
3 and 4 .35 to 0.45 
l and 2 .45 to 0.55 
3 and 4 .50 to 0.60 
l and 2 .60 to 0.70 
3 and 4 .70 to 0.85 
1 and 2 .80 to 1.00 
l and 2 
1 and 2 .4min. 


CLass 
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REPORT OF WIRE TEST COMMITTEE (APPENDIX) 


Provision has been made for testing fencing made from the following 
alloys of corrosion-resistant steel: 


18 per cent chromium, 8 per cent nickel, 0.12 per cent carbon 
(max.), cold drawn to approximately 300,000 lb. per sq. in. tensile 
strength. 

12 to 14 per cent chromium, 0.12 per cent carbon (max.), air 
quenched, tempered to 1100 F. cold drawn to approximately 140,000 
lb. per sq. in. tensile strength. 

12 to 14 per cent chromium, 0.12 per cent carbon (max.), 
drawn to finished size then air quenched to approximately 175,000 lb. 
per sq. in. tensile strength. 


TABLE IV.—SUMMARY OF SAMPLES OF FARM-FIELD FENCING. 


ZINC-COATED SAMPLES. 
WEIGHT OF COATING, 
OZ. PER SQ. FT. 


OF UNCOATED NUMBER OF NUMBER OF 
WIRE SURFACE TYPES SAMPLES 
bare 8 
.20 to 0.30 11 
.25 to 0.35 

.35 to 0.45 12 
.45 to 0.55 

.50 to 0.60 

.60 to 0.70 

.70 to 0.85 

.80 to 1.00 

.6 to1.8 

.4 min. 


_ SPECIAL SAMPLES. 
NUMBER OF NUMBER OF 


MATERIAL TYPES SAMPLES 
Corrosion-resistant steel, 18 per cent chromium, 8 per cent 


0 
0 
0 
0 
0 
0 
0 
0 
1 
2 


Corrosion-resistant steel, 12 to 14 per cent chromium 
(cold-drawn wire) 

Corrosion-resistant steel, 12 to 14 per cent chromium 
(air-quenched wire) 

Copper-covered steel 

Lead-coated steel 


- Total Number of Samples 


A sample of fencing made from each of these grades of corrosion- 
resistant steel has been exposed. The top and bottom line wires of the 
18 per cent chromium, 8 per cent nickel fencing are No. 13 gage (tensile 
strength range 300,000 to 322,000 lb. per sq. in.); the intermediate line 
wires and stay wires are No. 15 gage (tensile strength approximately 
265,000 Ib. per sq. in.). In the 12 to 14 per cent chromium (cold-drawn 
wire), the top and bottom line wires and the intermediate line and stay 
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Report OF COMMITTEE A-5 


TABLE V.—UNFABRICATED WIRE. 


Bare anp Zinc-Coatep SAMPLES 


Weight of Coating, oz. per sq. ft. of uncoated wire surface 


Gage 
(Steel Wire Gage) 
Copper- 
Bearing 


Weight of Coating, 
oz. per sq. ft. of uncoated wire surface 


Number of Gages 


Number of 
Samples Exposed 


19 


Total Number of Bare and Zinc-coated 104 


Spectran Wire Sampies 


Gage (Steel Wire Gage) 


Corrosion-Resistant Steel 


18 per cent 
Chromium, 
8 per cent Nickel 


1 


Total Number of Corros on-resistant Steel Samples 


12 to 14 per cent 
Chromium 


1 


1 


(cold-drawn wire) 


12 to 14 per cent 
Chromium 
(air-quenched wire) 


Zinc-coated and chromated. 


Bare 
).20 | 0.25 | 0.35 | 0.45 | 0.50 | 0.60 | 0.70 | 0.80 | 1.2 | 1.6 | 24 
: y to to to to to to to to to to | m ia 
; | ).30 | 0.35 | 0.45 | 0.55 | 0.60 | 0.70 | 0.85 | 1.00] 1.5 | 1.8 
6 2 2 2 1 1 
_ 2 2 4 1 3 | 2 
| 
‘| 1.6 to 1.8 il per 
2.4 min.. 3 inte 
| 2 
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REPORT OF WIRE TEST CoMMITTEE (APPENDIX) 


TABLE V (Continued). 


Gage (Steel Wire Gage) Copper-covered Steel | Lead-coated Steel 


1 
1 

4 
Total Seadees of Copper-covered Steel and 
Lead-coated Steel Samples 


Total Number of Samples of Unfabricated Wire 


wires are No. 12 gage. In the 12 to 14 per cent chromium (air-quenched 
wire), the top and bottom line wires and the intermediate line and stay 
wires are No. 123 gage. 


Note.—The 16 to 18 per cent chromium, and 4 to 6 per cent chenesiom fencings, 
ferred to in the Wire Test Program,! were not submitted. 


One type of copper-covered steel fencing was erected in which the 
top and bottom line wires are No. 9 gage and the intermediate line wires 
and stay wires are No. 11 gage. ‘The wire used in this fencing is in the 
“30 per cent conductivity” class. For the sizes of wire in the tests, the 
thickness of copper is given by the manufacturer as not less than 10 per 
ent of the radius of the wire. 

There is also included in the tests one type of lead-coated steel fencing 
composed of wires having a minimum weight of coating of 1.5 oz. of lead 
per sq. ft. of bare wire surface. The top and bottom line wires and the 
intermediate line and stay wires of this fence are No. 9 gage. 

Table IV shows the number of samples of farm-field fencing of all 
classes that have been erected. _ = 


Unfabricated Wire: 

Unfabricated wire samples were furnished in the same materials as 
farm-field fencing. In addition to these materials bare wires made from 
non-copper-bearing, basic open-hearth steel, containing 0.08 to 0.20 per 
cent carbon, are included. 

The zinc-coating classifications are the same as for farm-field fencing. 
The tests include Nos. 6, 9, 11, 12} and 143 gage wires. 

The unfabricated wire tests also include zinc-coated wire which has 
been treated with a dichromate solution. These samples were galvanized 
by the usual hot-dip process and chromated by the New Jersey Zinc Co. 

The classes of wire and the number of samples that have been erected 
are shown in Table V. 

Barbed Wire: 


All of the barbed wire samples are made from No. 12} gage line wires 
and 145 gage, 4-point barb hog wire. ‘The base metal of the bare and 
' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 172 (1934). 
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zinc-coated barbed wire samples is the same as for farm-field fencing. 
Copper-covered steel and lead-coated steel barbed wire have also been 
exposed. The coating classifications and the number of samples exposed 
are shown in Table VI. 


TABLE VI.—BARBED WIRE. 


WEIGHT OF COATING, ee 
OZ. PER SQ. FT. OF UNCOATED NUMBER oF 
WIRE SURFACE SAMPLES 
Bare 
0.20 to 0.30 
0.35 to 0.45 
0.50 to 0.60 
0.70 to 0.85 
0.85 to 1.0 
Zinc-coated after, 
or coatings in 
excess of 1.6, 
min. 
2.4 to 2.6 
Copper-covered 
steel 
Lead-coated steel 


(STEE! 


© One sample in this class was furnished with aluminum barbs. 


Wire Strand: 


All samples of strand are 3 in. in diameter and are composed of seven 
wires, each 0.120 in. in diameter. The base metal is of the grade known as 
Siemens-Martin. Table VII shows coating classifications and number of 

samples exposed. 


TABLE VII.—WIRE STRAND. 
WEIGHT oF COATING, 


OZ. PER SQ. FT. OF UNCOATED NUMBER OF 
WIRE SURFACE SAMPLES 


0.80 to 0.95 


Chain-Link Fence: 


Chain-link fence has been submitted, made from copper-bearing steel 
galvanized before weaving and also galvanized after weaving. Corrosion- 
resistant steel chain-link fencing of the 18 per cent chromium, 8 per cent 
nickel grade, copper-covered steel and lead-coated steel fencings are also 
included. The weights of coating, gage sizes and number of samples 
exposed are shown in Table VIII. ee 
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REPORT OF IRE Test CoMMITTEE (APPENDIX) 


TABLE VIII.—CHAIN-LINK FENCE. 
ZINC-COATED SAMPLES 
WEIGHT oF CoATING, 
GALVANIZED OZ. PER SQ. FT. 


BEFORE OR AFTER OF UNCOATED NUMBER OF = 
WEAVING WIRE SURFACE SAMPLES 


Before under 0.50 
under 0.50 


1.20 to 1.50 
1.20 to 1.50 

1.20 to 1.50 

1.20 to 1.50 

2.4 to3.0 

2.4 to3.0 


SPECIAL SAMPLES 


NUMBER OF 
MATERIAL SAMPLES 


Corrosion-resistant steel 
Copper-covered steel 
Lead-coated steel 


PREPARATION OF TEST SAMPLES 


A suitable building (37-18 Tenth St., Long Island City, N. Y.), was 
secured for the reception and fabrication of the samples. Great care was 
observed to avoid injuring them. ‘They always rested on either burlap 
or heavy building paper, never coming in contact with the floor, or being 
dragged over it. 

Due to the prevailing commercial conditions, many of the deliveries 
of samples to the shop were much delayed, which markedly increased the 
cost of assembly and fabrication, and delayed erection in the field. 

In handling the material in the shop, as a safeguard against confusion 
of identity, only one sample was opened at a time. The manufacturers’ 
marks were all removed and the code designation applied, a record of the 
same being made in a book. Immediately, the required number of speci- 
mens was cut off and each marked with the code designation. These 
marks, for unfabricated wires to be mounted on frames, were on tough 
manila tags having a hole at each end, through both of which the wire 
was threaded. The tag remained on each wire throughout all shop opera- 
tions and was removed only when the frame was about to be packed for 
shipment. These wires are identified by position on the numbered frame, 
and reference to the appended list. To all specimens other than un- 
fabricated wire, the final metallic field tags were at once applied. 

A system of designating marks was arranged for the samples and for 
the individual specimens cut from each. Each specimen mark consists of 
two letters, followed by three numerals, for example, MA236. The first 
letter indicates the test field at which the individual specimen is exposed; 
the second letter indicates the kind of material, for example farm fence, 
barbed wire, etc. ‘The first numeral indicates the gage of the wire. In 
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the case of farm fence, the gage used is that of the intermediate line wires 
and the stay wires, the gage of these wires not being duplicated in any two 
classes of fence. ‘The series formed by the last two numerals, 00 to 99 
inclusive, was divided into suitable groups to represent the nominal weights 
of coating of zinc-coated wires, including the two kinds of carbon-steel 
wire with zero coating. Special numerals were applied to the corrosion- 
resistant steel, lead-coated steel and copper-covered steel. The marks 
also indicate the side of the rack on which the specimens of ‘strand and 
unfabricated wire are placed. 
Full details of the individual markings are appended.' a 

The markings above described were stamped plainly on metallic tags, 
two of which were attached to each frame of plain wire and two to each 
specimen of other material. Zinc-coated and uncoated carbon-steel ma- 
terials were marked with solid zinc tags, attached at both ends by heavy 
solid zinc wires. Similarly, copper-covered steel was marked with copper 
tags attached by copper wires, lead-coated steel by lead tags attached by 
lead wires, and corrosion-resistant steel by corrosion-resistant steel tags 
attached by corrosion-resistant steel wires. 

Farm fencing was cut to length and the specimens joined into the 
fences by bringing together the adjacent end stay wires, then splicing all 
the line wires across the two stay wires. 

The unfabricated wires were applied to the frames as specified by 
the 1934 report,’ by electric spot welding, while the wires were held in 
position in a jig. The zinc-coated wires required no surface preparation. 
The uncoated carbon-steel wires were first cleaned free from mill scale at 
the point of welding, with emery cloth. Copper-covered and lead-coated 
steel wires were successfully welded to the frames without preparation. 
It was found impracticable, with available equipment, to spot weld the 
corrosion-resistant steel wires to the frames. Short galvanized loops were 
therefore first welded to the frame and the ends of the corrosion-resistant 
steel specimens looped through. After welding, the joints of all wires were 
cleaned of dross with a stiff brush, then liberally coated with a thick paint 
composed of metallic zinc dust in a vehicle having a bakelite base. For 
additional protection of the welds of copper-covered and lead-coated steel 
wires, to avoid electrolysis, the joints and adjacent part of the frame were 
tightly wrapped with a specially durable quality of insulating tape, while 
the paint was still soft. A second thick coat of paint was then applied 
over the tape. 

Barbed wire specimens were not joined in the shop, but the ends were 
individually looped and twisted around the post arms. 

Specimens of strand were very successfully strung individually in the 
field by means of strand clamps. 
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When possible, adjacent sections of chain-link fencing were joined by 
threading a picket through both, as in the ordinary erection of fences. 
(Often, however, the two specimens did not exactly match in mesh or in 
direction of coiling, and other means were necessary. ‘The most satis- 
factory was a pair of straight No. 6 galvanized wires threaded vertically 
through both adjacent ends. 

For shipment to the nearby test fields, farm fence was rolled up and 
wrapped in waterproofed burlap. For the more distant test locations, 
the rolls of farm fence were wrapped in burlap and then crated. All 
barbed wire specimens were coiled and boxed. ‘The smaller parcels of 
chain-link fence were wrapped in burlap, and sewed. ‘The larger parcels 
were wrapped in burlap and then crated. The specimens of strand were 
laid out as nearly straight as possible, tied together at frequent intervals 
and then spirally wrapped in burlap. The frames of unfabricated wire 
were packed in boxes with separating slats so arranged that the welds did 
ot touch the adjoining frames. 


Weicut Loss DETERMINATIONS 


Other specimens of unfabricated wires have been exposed for the 
letermination of loss of weight of the zinc coating. ‘This is a feature not 
included in the report of 1934, but was subsequently requested by several 
members including the National Bureau of Standards. For this purpose, 
there were used wires of three gages coated by each of several processes. 
Duplicate specimens of each of these samples were placed on each frame 
and four frames each were placed on the East side and on the West side of 
the rack. Before mounting these specimens on the frames, precision 
measurements were made at the Bureau of Standards. For this purpose, 
ends of the specimens were smoothly faced off in a lathe and measured 
within 0.001 in. They were then weighed within a milligram by suspend- 
ing them vertically from one pan of a laboratory fine balance. The balance 
se Was provided with a well under one of the pans, deep enough to accom- 
modate the specimen. Four periodic tests of loss of weight will be made. 
Weight test specimens are exposed at Sandy Hook (sea air), Pennsylvania 
State College (pure mountain air) and Pittsburgh (industrial air). 

Welding the wires to the frames obviously changes their weight and 
they cannot be removed without further change in weight at the two ends 
where the welds are located. For a precision determination of the loss of 
weight, it is not permissible to compare the weight of one specimen with 
the weight of another from the same coil. By cutting the minimum amount 
from the ends of the exposed wire to remove only the portion injured by 
the welding and painting, there will still remain 90 to 95 per cent of the 
same wire that was originally measured and weighed. ‘This remainder 
will be measured and weighed as before, after suitable cleaning. The 
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weights per unit of length, before and after weighing, will thus be com. 

parable and will be a reliable basis for determining the loss of weight per § speci 
unit of surface. A list of the samples giving their positions on the frames § Fig. ! 
is appended.! The f 


ERECTION tion a 
Shipments of samples to the test fields were completed during October, eng 
1936. Meanwhile, the supporting post and rack material had been secured yt ms 
and shipped to the test fields, in order that it might be erected and made wes 
ready for the reception of the test samples. sttac 
For the lighter farm fences, Nos 1 to 5, the end posts are tubular, 2 in. an 
in outer diameter and the wall thickness of No. 8 gage. The intermediate 4 th 
line posts are of T section, 1 in. by 13 in., the webs being ¢ in. in thick- a | 
ness. Fences Nos. 6, 7 and 8 contain the more durable samples. The end line p 
posts are 2} in. in outer diameter and of No. 8 gage wall thickness. The ettadl 
intermediate line posts are of U section, 14%; in. by 23% in., the webs being “ae 
41 in. in thickness. The end posts and intermediate dividing posts of wee 
chain-link fences 9 and 10 are 2} in. by No. 8. The chain link intermediate wives 
line posts are 2 in. by No. 8. All fence posts and pipe supports are heavily r 
galvanized with the exception of the posts used with the lighter farm fences a 
Nos. 1 to 5. These posts are heavily painted. 16-{t. 
All end posts are provided with substantial diagonal tubular braces. r 
All end posts and braces of farm fence are set in concrete; line posts are | 
driven. For the chain-link fences, all braces and all posts, both end and 
line, are set in concrete. All tubular posts for either kind of fence are 
filled with concrete to prevent internal corrosion. Chain-link fences are stich 
provided with top rails consisting of 14-in. (1§-in. outside diameter) stand- nr 
ard-weight galvanized pipe. The 
In the arrangement and erection of supporis and test samples in the 
test fields, the drawings shown in the 1934 report were followed quite closely. 
A minor change was made in making the strand attachments. It was found | 
desirable to employ two-bolt and three-bolt strand clamps as a means of oth 
supporting the strand at the crossarms. Ten lines of fence were sufficient The 1 
instead of eleven. Eight were used for farm fence and two for chain-link a 
fence. perind 
It seemed undesirable, from cost considerations, to erect each short- 
fence specimen individually, even though this would result in a minimum of at th 
repair maintenance at the test fields as failures occurred. Consequently, 
ten samples were fabricated into a test fence and erected as a unit. In 
selecting appropriate specimens for each test fence, consideration was given 
to grouping of the samples. For example, lightest gage, lightest weight 
coating specimens were kept separate from meavy gage, many weight 
coating specimens. 


See List III, p. 148. 
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The arrangement of the fences in the field and the location of each 
specimen of farm fence, chain-link fence and of barbed wire, are shown in > 
fig. 1. The fence fabric was applied to the posts by the usual method. 
The fabric was leaned up against the posts in appoximately its final posi- _ i 
tion and held loosely by temporary wire ties. For farm fence, one end was 
attached to its end post by wrapping all the line wires tightly around the 
post then tightly around themselves. The usual stretching tools were — 
employed. Clamping bars were attached near the other end and the _ 
fabric stretched by means of pulleys or winches. The line wires were then 
attached to the second end post as above. For the chain-link fence, the © 
process was similar except that the fabric was attached to the end posts © 
by the usual end tension rods and post collars whose lugs held the tension © 
rods by bolts. Both kinds of fence were permanently attached to each 
line post by five ties of heavily galvanized wire. The chain link was also 
attached to the top rail by five ties in each section between posts. Speci- _ 
mens of copper-covered steel fence were cut a little shorter than the distance 
between posts and connected to the posts by means of heavy galvanized © 
wires with an intermediate strain insulator of porcelain on each wire. 

The barbed wire is stretched on post arms and over farm fence having 
the same weight of coating. ‘To increase the length of sample exposed, two 
\6-ft. lengths of each sample have been installed at each test site. 

To support one complete set of unfabricated wire specimens, five 
frames such as are described in the 1934 report, were required. The 
specimens are distributed among the five frames in the order of relative - 
durability, on a basis similar to that described above for fencing. Seven 
such sets are exposed at each test field, permitting seven periodic tension | 
tests. ‘The specimens are of such length as to provide tests in triplicate. -- 
The distribution of each set among five frames also permits tests to be 
made of the less and of the more durable samples at different times from > 
each field, as may be determined by the condition of the samples. 

Note.—At Sandy Hook, Pennsylvania State College, and Brunot Island, space 

available on the West side of the racks was not sufficient for all of the tension test frames. 
The remaining frames were consequently mounted on available spaces on the existing 
hardware exposure racks or (at Pennsylvania State) on a separate temporary rack. These 
specially mounted frames should, in their respective classes, be the first to be removed for 
perindic tests. 

‘le dates when the erection was completed and the exposure begun — 
at the in dividual fields are as follows: 


Bridgeport, Conn Yovember 14, 1936 
(except three samples of corrosion-resistant steel farm fence, erected 
in January, 1937) 
Sauuy Hook (Fort Hancock), N. J November 17, 1936 
(Wire and Strand) 
Brunot Island, Pittsburgh, Pa November 5, 1936 
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Ithaca, N. Y November 12, 1936 
Lafayette, Ind October 31, 1936 

Ames, Iowa November 28, 1936 
December 4, 1936 

Davis, Calif December 12, 1936 
Santa Cruz, Cz December 18, 1936 


Fic. 6.—Test Field at Bridgeport, Conn. 


The location of the individual specimens in the test fields i is ‘shown in 
the accompanying Plate I, as follows: 


Fig. 1.........Farm-field fencing, chain-link fence, barbed wire 

Figs. 2 and 3. .Wire strand 

Fig. 4.........Unfabricated wire frames at fields having tension 
test frames only 

Fig. 5.........Unfabricated wire frames at fields having also 
weight test specimens 


The locations of specimens are the same at all fields except as noted on the 
figures. 

The accompanying photographs in Figs. 6 to 12 illustrate the general 
assembly of test specimens @ at each test site and details of construction and 
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similar Metals. 


Fic. 8.—Typical Section of Farm Fence and Barbed Wire. 
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Fic. 9.—Special Fencing Sections Showing Insulators Between Dis 
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Fic. 10.—Typical Installation of Frames of Unfabricated Wire. 
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6 
Fic. 11.—Details of Erection of Wire Strand Samples. 
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KF IG. 3. 12.—Chain- Link F ence Construction. 
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LIST OF INDIVIDUAL SAMPLES AND SYSTEM OF MARKING 
System OF MARKING: 


_ Test Fields: Kinds of Material: 
A — Bridgeport, Conn. A — Farm-Field Fencing 
B — Sandy Hook, N. J. B — Unfabricated Wires 
C —Ithaca, N. Y. C — Barbed Wire 
D — State College, Pa. D — Wire Strand OS 
E — Pittsburgh, Pa. E — Chain-Link Fence, Galvanized Before Weavin; 
H — Lafayette, Ind. H — Chain-Link Fence, Galvanized After Weavi: 
J —Ames, Iowa J — Chain-Link Fence, Corrosion-resistant St 
K — Manhattan, Kans. K — Chain-Link Fence, Copper-covered Steel 
. — College Station, Tex. L — Chain-Link Fence, Lead-coated Steel 
M — Davis, Calif. 
O — Santa Cruz, Calif. 

Gage of Wire: 
No. 11 gage 


Numerical Designation of Special Materials: 
000-015 series Corrosion-resistant steel 
020-030 series Copper-covered steel 
040-050 series Lead-coated steel 

- Numerical Designation of Frames of Unfabricated Wire: 
700-705 series........... Frames of Unfabricated Wire for Tension Tests 
710-711 series........... Frames of Unfabricated Wire for Loss of Weight Tests 


Note.—In addition, two samples of copper-bearing unfabricated wire, No. 6 and No. 9 gage, having 
- coating weight of 1.2 to 1.5 oz. per sq. ft. are designated B800 and B801. a 


WwW eight of Coating Classification: 

00-04 series—Uncoated, non-copper-bearing steel | 

05-09 series—Uncoated, copper-bearing steel 

10-14 series—0.20 to 0.30 oz. per sq. ft.* 

15-19 series—0.25 to 0.35 oz. per sq. ft.* 

20-24 series—0.35 to 0.45 oz. per sq. ft.¢ 

25-29 series—0.45 to 0.55 oz. per sq. ft.* 

30-34 series—0.50 to 0.60 oz. per sq. ft.* 

35-39 series—C.60 to 0.70 oz. per sq. ft.* 

40-44 series—0.70 to 0.85 oz. per sq. ft.* 
0.80 to 1.00 oz. per sq. ft. Farm Fence and Unfabricated Wire 

45-49 series ; 0.85 to 1.00 oz. per sq. ft. Barbed Wire - - 
0.80 to 0.95 oz. per sq. ft. Wire Strand 

50-59 series—1.6 to 1.8 oz. per sq. 

60-64 series—1.0 to 1.2 oz. per sq. ft.* 

65-69 series—1.3 to 1.5 . per sq. ft.¢ 

70-74 series—1.6 to 1.8 oz. per sq. ft.¢ 

75-79 series—2.4 to 2.6 oz. per sq. ft.¢ 

80-84 series—under 0.50 oz. per sq. ft. 

85-89 series—1.2 to 1.5 oz. per sq. ft.* 

90-94 series—2.4 to 3.0 oz. per sq. ft.¢ 

95-96 series—Chromated after zinc coating, unfabricated wire 

97-99 series—Extra-heavy coatings? 


* All zinc coatings are on copper-bearing steel. oe 
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List I.—FARM-FIELD FENCING. 4 


(Arranged in same order as in the fences, South to North) 


Gage Coating 
(Steel Wire Gage) Classification 
boon Sample Designation Top a Weight of 
and line Coating, 
Bottom Wires oz. per sq. ft. 0 
Line and Stay of uncoated 
Wires Wires wire surface 
Copper-bearing steel il 143 Bare 
Zinc-coated, copper-bearing steel 11 14} 0.20 to 0.30 
11 143 0.20 to 0.30 
“ ll 143 0.35 to 0.45 
“ 11 144 | 0.35 to 0.45 
2 Vacant 
Zine-coated, copper-bearing steel 11 143 0.50 to 0.60 
Copper-bearing steel 10 123 Bare 
“ 10 12} Bare 
Zinc-coated, copper-bearing steel 11 144 0.70 to 0.85 
Zinc-coated, copper-bearing steel 10 12 0.20 to 0.30 
“ 10 12 0.50 to 0.60 
“ “ 10 123 | 0.50 to 0.60 
« “ 10 12 0.50 to 0.60 
“ 10 123 0.70 to 0.85 
Zinc-coated, copper-bearing steel 10 12} 0.70 to 0.85 
Copper-bearing steel 9 11 Bare 
Zinc-coated, copper-bearing steel 9 11 0.25 to 0.35 
9 11 0.25 to 0.35 
“ “ 9 11 0.25 to 0.35 
9 11 0.45 to 0.55 
9 11 0.45 to 0.55 
9 0.45 to 0.55 
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List J.—FARM-FIELD FENCING (Continued). 
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order as in the fences, South to North) 


Vacant 
Vacant 


> 
iS 


Gage 


(Steel Wire Gage) 


Coating 
Classification 


Zine-coated, copper-bearing steel 


= 


Wires 


Material Top Intermedi- 
and ate 
Bottom Line 
Line Wires 
Wires and Stay 


Copper-bearing steel 9 
9 
Zine-coated, copper-bearing steel 9 9 
Zine-coated, copper-bearing steel 9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 
9 9 


Vacant 
Vacant 


Corrosion-resistant steel, 18 per 


Zine-coated, copper-bearing steel 9 

“ 9 9 

Corrosion-resistant steel, 12 to 14 
per cent chromium, cold-drawn 
wire 

Corrosion-resistant steel, 12 to 
14 per cent chromium, air- 
quenched wire 


cent chromium, 8 per cent 
nickel 
Copper-covered steel 9 
Lead-coated steel 9 


Weight of 
Coating, 

02. per sq. ft 

of uncoated 
wire surfat 


0.60 to 0.7 
0.60 to0.7 
0.60 to 0.7 
0.60 to 0.7 
0.80 to 1.0 
0.80 to 1.0 
0.80 to I 

0.80 to 


0.25 to 

0.25 to 0.35 
1.6 tol8 
1.6 tol8 
0.45 to 0.55 
0.45 to 0.55 
0.45 to 0.55 
0.60 to 0.70 
0.60 to 0.70 
0.60 to 0.70 
0.60 to 0.70 
0.80 to 1.0 
0.80 to 1.0 
0.80 to 1.00 
0.80 to 1.0 
1.6 tol8 


In the ! 
gre mounter 
tags are on 

There: 
bear a suffi 
op" 


Position 
of Wire or 
Frame 


| = 
Fence 
| ‘Number Designation 
> 
7 
| 
6 | 2 
) 
| 
7 | A235 12 
13 
Vacant 
i 


» 0.70 
» 0.70 
0.70 
» 0.70 
1.0 
10 
1 

1 


List II.—UNFABRICATED WIRES FOR TENSION TESTS. 


The three numerals, representing the individual samples of plain wire, are the same as the three numerals representing the k- 
corresponding individual sample of farm fence, made from the same lot of wire. 

In the following tabulations, the samples are listed in the same order as the samples on the exposure frames on which they 
sre mounted, counting from top to bottom. The top of the frame is distinguished by the weld in the frame. The zine number 
tags are on the bottom of the frame. 

There are four identical sets of frames for tension tests, exposed on the West side of the racks. The numbers on these frames 
tear a suffix “W.” There are three sets of these frames on the East side of the racks and these are distinguished by the fl 


Frame No. 701, Tension Tests 


Coating 
Classification 
Position mage 
f Wire on Sample ; Material Stee Weight of 
Frame Designation jire Coating, 
oz. per sq. ft. 
of uncoated 
wire surface 


Non-copper-bearing steel Bare 
Copper-bearing steel ) Bare 

Zine-coated, copper-bearing steel q 0.20 to 0.30 
0.20 to 0.30 
0.20 to 0.30 
0.35 to 0.45 
0.35 to 0.45 
0.35 to 0.45 
Extra space between wires here 
Non-copper-bearing steel : Bare 
Bare 


“ “ 1 
Zine-coated, copper-bearing steel : 0.20 to 0.30 

0.50 to 0.60 

” 0.50 to 0.60 
Copper-bearing steel 2 Bare 


Bare 


Zinc-coated, copper-hearing steel 7 0.70 to 0.85 

Extra space between wires here : 
Zine-coated, copper-bearing steel 4: 0.70 to 
0.20 to 0.30 


0.20 to 0.30 
0.35 to 0.45 
0.35 to 0.45 
0.35 to 0.45 
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ing, 
8q. ft. 
Vacant | 

1.8 
0.55 

0.70 
1.8 

Vacant 

9 Vacant | | 

0 | Vacant 

3 
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List II.—UNFABRICATED WIRES FOR TENSION Tests (Continued). 


Frame No. 702, Tension Tests 


Coating 
Classification 


‘Position 
of Wire on Material Weight of 
Frame : Coating, 


02. per sq. ft. 
of uncoated 
wire surface 


Zinc-coated, copper-bearing steel 0.50 to 0.60 
Non-copper-bearing steel Bare 
Zinc-coated, copper-bearing steel ; 0.70 to 0.85 
0.70 to 0.85 
Copper-bearing steel Bare 
Bare 
Zine-coated, copper-bearing steel 0.25 to 0.35 
0.25 to 0.35 
0.45 to 0.55 
0.45 to 0.55 


“ 


Extra space between wires here 
Zinc-coated, copper-bearing steel 0.45 to 0.55 
0.60 to 0.70 
= 0.60 to 0.70 
0.50 to 0.0 
2 0.50 to 0.00 
Non-copper-bearing steel Bare 
Zinc-coated, copper-bearing steel 0.70 to 0.85 
0.70 to 0.85 
1.6 to1.8 
0.60 to 0.70 


“ 


0.60 to 0.70 
0.70 to 0.85 
chromated 
1.6 to1.8 
0.70 to 0.85 
1.6 to1.8 
1.6 to18 
0.45 to 0.55 
0.25 to 0.35 


| 
.. 
af 
= | 
Position 
‘ of Wire 
oo Frame 
14 14 
16 
17 
Bpace VEL Wille 
29 Vacant 29 


‘REPORT OF WIRE COMMITTEE (APPENDIX) 


ball 


List II.—UNFABRICATED WIRES FOR TENSION Tests (Continued). 


Frame No. 703, Tension Tests 


Coating 
Classification 


(Steel Weight of 
Sample Designation Material Wire Coating, 
Gage) oz. per sq. ft. 
of uncoated 
wire surface 
Non-copper-bearing steel Bare 
Zinc-coated, copper-bearing steel 0.80 to 1.00 
0.80 to 1.00 
Copper-bearing steel Bare 


Bare 
Zine-coated, copper-bearing stec! 0.25 to 0.35 
0.25 to 0.35 
0.45 to 0.55 
0.45 to 0.55 
0.45 to 0.55 
Extra space between wires here 
Zinc-coated, copper-bearing stee! 0.60 to 0.70 
0.60 to 0.70 
0.60 to 0.70 
0.80 to 1.00 
0.80 to 1.00 
Non-copper-bearing steel Bare 
Zinc-coated, copper-bearing steel 0.80 to 1.00 
0.80 to 1.00 
0.50 max. 
1.6 to1.8 


Extra space between wires here 
Zinc-coated, copper-bearing steel 1.6 to1.8 

= 0.60 to 0.70 

0.60 to 0.70 

0.80 to 1.00 

4 0.80 to 1.00 

0.80 to 1.00 
chromated 

0.25 to 0.35 
1.6 to1.8 

0.45 to 0.55 
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ation 
of 
q. ft. Position : 
ated of Wire 
0.00 1 B200... 
0.85 3 B347... 
0.85 4 B205... 
5 B206... : 
6 B215... 
0.70 
0.85 5 
1.8 ’ 
_% Vacant | | 
* Made from sample B245. 
w 


Positio 
of Wire 


List WIRES FOR TENSION Tests (Continued). 


Frame No. 704, Tension Tests 


Gage 
Position : (Steel 
of Wire Sample Designation Material Wire 
on Frame Gage) 


Non-copper-bearing steel 


Zine-coated, copper-bearing steel 


Copper-bearing steel 
Zine-coated, copper-bearing steel 
0.25 to 0.35 
0.45 to 0.55 
0.45 to 0.55 


Iixtra space between wires here 
_.| Zine-coated, copper-bearing steel 0.60 

j 
0.60 to 0.7 
0.80 to 
0.80 to 1.0 
1.6 tol 
2.4 min. 
1.2 
1.2 tol.5 
1.6 tol 
Extra space between wires here 
Zine-coated, copper-bearing steel 9 2.4 min. 
2.4 min. 


Vacant 
Vacant 
Vacant 
Vacant 
Vacant 
Vacant 
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List II.—UNFABRICATED WIRES FOR TENSION (Continued). 
Frame No. 705, Tension Tests 


Sample Material 


Corrosion-resistant steel, 12 to 14 per cent 
chromium, cold-drawn wire 


Corrosion-resistant steel, 12 to 14 per cent 
chromium, air-quenched wire 


Corrosion-resistant steel, 18 per cent chro- 
mium, 8 per cent nickel 


Corrosion-resistant steel, 12 to 14 per cent 
chromium, cold-drawn wire 


Corrosion-resistant steel, 12 to 14 per cent 
chromium, cold-drawn wire 


Extra space between wires here 
Corrosion-resistant steel, 12 to 14 per cent 
chromium, air-quenched wire 


Corrosion-resistant steel, 12 to 14 per cent 
chromium, air-quenched wire 


Corrosion-resistant steel, 18 per cent chro- 


, mium, 8 per cent nickel 
to 0.71 


to 0.70 
to 0.70 
to 1.0 
to 1.0 
to 1.8 
in. 

to1.5 
to1.5 
to 1.8 


Corrosion-resistant steel, 18 per cent chro- 
mium, 8 per cent nickel 


Corrosion-resistant steel, 18 per cent chro- 
mium, 8 per cent nickel 


Extra space between wires here 

Copper-covered steel 
Copper-covered steel 
Lead-coated steel 
Lead-coated steel 
Lead-coated steel 
Lead-coated steel 


Nore.—Shortage in Specimens of Unfabricated Wire: : 

At College Station, Tex............20-0eeceeeceeeceeesereseee++NO, 296 missing on Frame No. B703 
odd No. 015 missing on Frame No. B705 
* No. 296 missing on Frame No. B703 
- No. 299 missing on Frame No. B704 
{o. 495 missing on Frame No. B702 
. 800 missing on Frame No. B704 
Yo. 801 missing on Frame No. B704 

. 296 missing on Frame No. 

Yo. 299 missing on Frame No. 

Yo. 495 missing on Frame No. 

io. 800 missing on Frame No. 

Yo. 801 missing on Frame No. 


Gage 
| 
of Wire on Designation Wire : 
Frame Gage) 7 
12 
2 Vacant 
, 124 
4 Vacant 
15 
6 Vacant 
9 
8 Vacant 
17 
10 Vacant 
10 
12 Vacant “ 
- 18 
12 
20 
8 Vacant 
14 
11 
6 
ll 
29 Vacant 
30 Vacant 
: 
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List III.—UNFABRICATED WIRES FOR WEIGHT Loss Tests. 


Frames on East Side of Racks 


Frames on West Side of Racks 


Position 


Sandy Hook 


BB710-01 


Frame No. 


Frame No. 


BB710-02 


BB710-03 


Frame No. 


Frame No. 
BB710-04 


Position 
on Frame 


Sandy Hook 


Frame No. 


BB711-01 


Frame No. 
BB711-02 


B345-02 


B541-01 
B541-02 
B248-01 
B248-02 
B348-01 
B348-02 
B540-01 
B540-02 


B345-04 
B541-03 


B148-05 
B148-06 
B346-05 
B346-06 
B542-05 
B542-06 
B247-05 
B247-06 
B345-05 
B345-06 


B541-05 
B541-06 
B248-05 
B248-06 
B348-05 
B348-06 
B540-05 
B540-06 


B148-07 
B148-08 


B346-08 
B542-07 
8542-08 
B247-07 
B247-08 
B345-07 
B345-08 


B541-07 


B248-07 
B248-08 
B348-07 
B348-08 
B540-07 
B540-08 


B346-07 | 


B541-08 | 


B148-11 
B148-12 
8346-11 
B346-12 
B542-11 
B542-12 
B247-11 
B247-12 
B345-11 
B345-12 


B541-11 
B541-12 
B248-11 
B248-12 
B348-11 
B348-12 
B540-11 
B540-12 


Frame No. 
BB711-03 


B148-14 
B346-13 


B542-14 
B247-13 
B247-14 
B345-13 
B345-14 


B541-13 
B541-14 
B248-13 
B248-14 
B348-13 
B348-14 
B540-13 
B540-14 


| Frame N 
BB711-4 


B148-13 | 


B346-14 | 
B542-13 | 


B540-16 


Pennsylvania State College 


Position 


on Frame 


DB710-05 


Frame No. 


B148-17 
B148-18 
B346- 
B346- 
B542- 


Frame No. 


DB710-06 


B148-19 
148 
B346 
B346-2 
B542 
B542 
B247 
B247- 
B345-1! 
B345 


B541 
B541-% 
B248 
B248-% 
B348 
B348-! 
B540 
B540-2 


DB710-07 


B345- 
B345-22 


B541-21 
B541-22 
248-21 
B248-22 
B348-21 
B348-22 
B540-21 
B540-22 


Frame No. 


Frame No. 
DB710-08 


Position 
on Frame 


Pennsylvania State College 


Frame No. 


DB711-05 


Frame No. 
DB711-06 


Frame No. 
DB711-07 


B148-23 
B148-24 
B346-23 
B346-24 
B542-23 
B542-24 
B247-23 
B247-24 
B345-23 
B345-24 


B541-23 
B541-24 
B248-23 
B248-24 
B348-23 
B348-24 
B540-23 
B540-24 


B148-25 
B148-26 
B346-25 
B346-26 
B542-25 
B542-26 
B247-25 
B247-26 
B345-25 

345-26 


B541-25 


B540-26 


B148-27 
B148-28 
B346-27 
B346-28 
B542-27 
B542-28 
B247-27 
B247-28 
B345-27 
B345-28 


B541-27 
B541-28 
B248-27 
B248-28 
B348-27 
B348-28 
B540-27 
B540-28 


B541-29 
B541-30 
B248-29 
B248-30 
B348-29 
B348-30 
B540-29 
B540-30 


Frame No, 
DB711-08 


Position 


Pittsburgh 


on Frame 


E£B710-09 


Frame No. 


Frame No. 


EB710-10 
B148-35 
B148-36 
B346-35 
B346-36 
B542-35 
B542-36 
B247 35 
B247..36 
B345. 35 
B345- 36 


B54l 35 


B540-36 


EB710-11 


Frame No. 


Frame No, 
EB710-12 


Position 
on Frame 


Pittsburgh 


Frame No. 


EB711-09 


Frame No. 
EB711-10 


Frame No. 
EB711-11 


Frame No. 
EB711-12 


B148-37 
B148-38 
B346-37 
B346-38 
B542-37 
B542-38 
B247-37 
B247-38 
B345-37 
B345-38 


B541-37 
B541-38 
B248-37 
B248-38 
B348-37 
B348-38 
B540-37 
B540-38 


B148-39 
B148-40 
B346-39 
B346-40 
B542-39 
B542-40 
B247-39 
B247-40 
B345-39 
B345-40 


B541-39 
B541-40 
B248-39 
B248-40 
B348-39 
B348-40 
B540-39 
B540-40 


B148-41 


B541-41 
B541-42 
B248-41 
B248-42 
B348-41 
B348-42 
B540-41 
B540-42 


B148-43 
B148-44 
B346-43 
B346-44 
B542-43 
B542-44 
B247-43 
B247-44 
B345-43 
B345-44 


B541-43 


B148-45 


148 
1...........| Bl48-01 | B148-03 8-15 
2...........| Bl48-02 | B148-04 18-14 
B346-O01 | B346-03 B346-09 16-15 
4..........-| B346-02 | B346-04 | BS46-10 16-16 
5..........-| B542-01 | B542-03 19-15 
6...........| B542-02 | B542-04 6..........| BB42-10 12-16 
: 8...........| B247-02 | B247-04 8........ .| B247-10 17-16 _ 
9..........| B345-09 5-15 
11..........| B541-09 1-15 
B541-04 12..........| BS41-10 11-16 
B248-03 13..........| B248-09 18-15 
B248-04 14..........]| B248-10 18-16 
B348-03 15..........| B348-09 8-15 
B540-03 17..........| B540-09 
B148 B148-29 | B148-31 
B148 B148-30 | B148-32 
B346 B346-29 | B346-31 
B346 B346-30 | B346-32 
B542 B542-29 | B542-31 
B542- B542-30 | B542-32 
B247 B247-29 | B247-31 
B247-18 | B247 B247-30 | B247-32 4 
10...........| B345-18 | | ee B345-30 | B345-32 
13...........] B268-17 B248-25 48-31 
14...........] B248-18 | B248-26 48-32 
B348-17 | B348-25 48-31 
B348-18 B348-26 | 48-32 6 
B540 17 B540-25 40-31 
| | 
| | | 
— | 
| L........| | 
| B 16 | B 
B346-33 B346-45 | B346-47 
B346-34 4..........| B346-42 B346-46 | B346-48 
5..........| B542-41 B542-45 | B542-47 
6...........| B542-34 6..........| B542-42 B542-46 | B542-48 
7. BQ47-41 B247-45 | B247-47 
8...........] B267-34 8..........] B247-42 B247-46 | B247-48 
9..........] B345-41 B345-45 | B345-47 
B345-34 10..........] B345-42 B345-46 | B345-45 
B541-44 | B541-46 | B541-48 
B248-43 | B248-45 | B248-47 
: 14...........| B248-34 | B248-3¢ B248-44 | B248-46 | B248-48 
15...........] B348-33 | B348-35 B348-43 | B348-45 | B34s-47 
16...........| B348-34 | B348-3¢ B348-44 | B348-46 | B348-48 
17...........| 2540-33 | B540-35 B540-43 | B540-45 | B540-47 
18...........| B540-34 | | B540-44 B540-46 | B540-48 
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List IV.—BARBED WIRE.¢ 


Classification 


Weight of 
Sample Designation Material Coating, 
oz. per sq. ft. 


of uncoated 
wire surface : 


Copper-bearing steel Bare 
Bare 
Zinc-coated, copper-bearing steel | 0.20 to 0.30 Ly 
0.20 to 0.30 


0.20 to0.30 
0.35 to 0.45 
0.35 to 0.45 
0.35 to 0.45 
0.50 to 0.60 
0.50 to 0.60 
0.50 to 0.60 
0.70 to 0.85 


0.70 to 0.85 
0.70 to 0.85 


0.85 to 1.00 
0.85 to 1.00 


0.85 to 1.00 


1.6 min. 
1.6 min, 
1.6 min. 


2.4 to2.6 
Copper-covered steel 
Lead-coated steel 


* There is only one length each of samples C432 and (451 at College Station, Tex. 


: 
2-15 \ 
7-16 Fence 
1-15 
1-16 
8-15 
8-16 
8-16 C406 
10-16 
me No, C420 “ “ “ 
18-31 “ “ “ 
48-32 (143% “ “ “ 
42-31 
2-32 
45-32 
48-31 “ “ “ ‘ 
48-31 
1 C452 “ “ “ 
me No. | 
48-47 
46-48 
542-47 
542-48 
47-47 
47-48 
345-47 
345-48 
541-47 
41-48 
248-47 
348-47 
348-48 
540-47 
540-48 
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REPORT OF CoMMITTEE A-5 


Material 


Coating 
Classificat 


Weight of 
Coating, 
02. per sq. f 
of uncoate 
wire surface 


Sample Designation 


9b 

9b 
9b 
9b 
9b 
9b 


10a 
10a 
10a 


List FENCE. 


Zine-coated, Siemens-Martin steel | 0.80 to 0.9 
“ 0 80 to ( ( 
“ “ “ “ 0.80 to 0.95 the y' 
“ 1 0 tol h 
“ “ 1 0 to 1.2 of t 
1.2 and 
resul 
chait 
resig 
Lead-coated steel chail 


Ran 
Coating wert 
Classification 
Galvanized Gage 
Before or (Steel Weight of elec 
Material After Wire | Coating, 

: Weaving Gage) oz. per sq. ft. 38 1 
of uncoated 8 as 
wire surface 

Zine-coated, copper-bearing steel Before 9 0.50 max. the 
Before 9 0.50 max. Spe 
After 9 0.50 max. pre 
Zine-coated, copper-bearing steel Before 6 1.20 to 1.50 h 
After 6 1.20 to 1.50 Co 
After 6 1.20 to 1.0 
After 6 1.20 to 1.50 
After 6 1.20 to 1.50 ch: 
“ « Before g | 2.4 030 
After 9 
on 
Zine-coated, copper-bearing steel Before 9 1.2 tol 
“ After 9 1.2 
After 9 1.2 to1.5 re 
> After 9 1.2 tol. 
After 1.2 tol5 W 
After 9 1.2 tol5 
Corrosion-resistant steel 
Copper-covered steel 0.128 in. 
diameter 


® The two sections of Ferce 9 and Fence 10, respectively, are separated by braced “end” posts. 
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REPORT OF COMMITTEE A-7 

oN 

_ MALLEABLE IRON CASTINGS 

0 0.95 

ee Committee A-7 on Malleable Iron Castings has held one meeting during 
00.95 the year, on June 29, 1936, at Atlantic City, N. J., during the annual meeting 
+r of the Society. At this meeting a set of proposed by-laws was presented 
ol. and adopted. An election of officers for the ensuing term of two years 
a resulted in the selection of E. K. Smith, chairman; H. W. Faus, vice- 
ols chairman; and H. A. Schwartz, secretary. During the year Mr. Faus 


018 


02.6 


resigned as a member of the committee and the vacancy in the vice- 
chairmanship has not yet been filled. 

=: It is with regret that the committee records the death of Mr. J. C. 
Haswell, President of the Dayton Malleable Iron Co., and of Mr. J. C. 
Ramage, Engineer of Tests of the Southern Railway Co., both of whom 
ting were long-time members of the committee. 

Three members of the committee have resigned and ten have been 
a elected to membership, which brings the total personnel of the committee to 
aq, ft 38 members, of whom 17 are classified as producers, 13 as consumers, and 
ated 8as general interest members. 
urface 

mak. 

max. 


Subsequent to the 1936 annual meeting, Committee A-7 presented to 
the Society through Committee E-10 on Standards, proposed Tentative 


a Specifications for Cupola Malleable Iron (A 197-36 T) which had been 
mat. prepared by Subcommittee III on Cupola Malleable Iron (R. E. Bryant. 
chairman). The proposed tentative specifications were accepted! by 
+" Committee E-10 on August 26, 1936, and appear in the 1936 Proceedings. 

0 1.50 Subcommittee I on Nomenclature and Definitions (H. A. Schwartz. 
= chairman) has approved the definitions of “malleable cast iron,” and 
03.0 “pearlitic malleable cast iron’’ which appear in the Tentative Definitions of 
03.0 Terms Relating to Cast Iron (A 196 — 36 T),? prepared by Committee A-3 
015 on Cast Iron. 

a At the meeting of the committee held on June 29, 1936, an interesting 
oT report on galvanizing embrittlement was presented by Mr. Enrique Touceda, 
“T who at that time was chairman of Subcommittee II on Galvanizing 


‘In submitting these tentative specifications to Committee E-10 on Standards, Committee A-7 reported 
ts of the letter ballot vote as follows: Of a total membership of 33, 31 members returned their ballots, of 
m 29 voted affirmatively, 1 negatively, and 1 member marked his ballot ‘not voting.’ 
. aes, Am. Soc. Testing Mats., Vol. 36, Part I, p. 665 (1936); also 1936 Book of A.S.T.M. Tentative 
P. 1. 


is Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 667 (1936); also 1936 Book of A.S.T.M. Tentative 
>. 


dards, p. 236 
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Embrittlement. Subcommittee VI on Pearlitic and Alloy Malleable Iron 
(H. M. Boylston, chairman) has under consideration the preparation of 
proposed specifications for pearlitic malleable iron. These proposed speci 
fications are to be discussed at the next meeting of Committee A-7 which js 
to be held in New York City during the annual meeting of the Society. 


This report has been submitted to letter ballot of the committee which 
consists of 37 members; 35 members returned their ballots, all of whom 


have voted affirmatively. 


_ Respectfully submitted on behalf of the committee, 


K. Smiru, 
Chairman 


H. A. SCHWARTZ 7 
Secretary. 
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RE PORT OF COMMITTEE A-10 
ON 


IRON-CHROMIUM, ITRON-CHROMIUM- NICKEL AND 
RE LATED ALLOYS 


Committee A-10 on Iron-Chromium, Iron-C hromium-Nickel and = 
lated Alloys has held one meeting during the year, in Chicago, Ill., o 
March 2, 1937, during the spring group meetings of A.S.T.M. pl 
Several changes in committee personnel have occurred resulting in a present 
membership of 69, of whom 28 are classed as producers, 29 as consumers 
and 12 as general interest members. 

Mr. C. E. MacQuigg resigned the vice-chairmanship of the com- 
mittee and also the chairmanships of Subcommittee I on Classification of 
Data and of Subcommittee VI on Metallography. ‘The selection of suc- 
cessors to Mr. MacQuigg as vice-chairman and the chairmen of these sub- 
committees is still to be made. 

Because of interrelation of certain phases of work between Committee 
A-1 on Steel, Committee B-4 on Electrical-Heating, Electrical-Resistance 
and Electric-Furnace Alloys and Committee A-10, it became necessary to 
hold a joint conference to formulate statements of scope of the respective 
committees. These were drawn up for submission to the Executive Com- 
mittee of the Society, the following being outlined for Committee A-10: 


Scope-—In general, Committee A-10 shall have jurisdiction over the classification, 
‘ification requirements, methods of test, questions of utility and related subjects 
ttaining to those iron-base alloys termed “stainless” or “rustless’” whose primary 
racteristic is resistance to corrosive attack, elevated temperatures or both. 
The scopes of Committees A-10 on Iron-Chromium, Iron-Chromium-Nickel and 
lated Alloys, B-4 on Electrical-Heating, Electrical-Resistance and Electric-Furnace 
lloys, and A-1 on Steel cannot be definitely limited. Therefore, a coordinating 
mmittee consisting of representatives of each of these committees will decide ques- 
ns of jurisdiction over specific materials and applications, subject to the approval 
he committees concerned. 


The by-laws governing Committee A-10 have been found inadequate 

0 provide for selection of officers following resignations, and also in other 

respects, and will be reviewed and amended by a committee appointed by 
the chairman. 

Subsequent to the 1936 annual meeting, Committee A-10 presented to 

the Society through Committee E-10 on. Standards proposed Tentative 

Specifications for 20 per cent Chromium, 9 per cent Nickel Alloy-Steel 
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Castings (A 198-36 T). These specifications were accepted! for pub. 
lication by Committee E-10 on October 14, 1936, and appear in the 1936 
Proceedings.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Classification of Data (C. E. MacQuigg, ex-chair. 
man).--This subcommittee was reorganized during a recent meeting and 
Russell Franks was elected secretary. The classification of data will be 
carried out by subgroups under a chairman for each group. ‘The per- 
sonnel of each of the subgroups who will collect and correlate the data for 
publication will consist of a group of authorites and individuals having 
expert knowledge on the particular alloys. Tentative arrangement of the 
groups, with chairmen, is as follows: 

Group ALLOY STEEL 
I. 5 to 10 per cent chromium 

II. 11 to 16 per cent chromium 

Ili. 16 to 20 per cent chromium 

IV. 20 to 35 per cent chromium 

V. 18 per cent chromium, 8 per cent nickel 

VI. 24 per cent chromium, 12 per cent nickel¢ R. J. Wilcox 

VII. 20 per cent nickel, 9 per cent chromium Frank Garratt 
VIII. 35 per cent nickel, 15 per cent chromium W. J. Jeffries 


4 Or other ratios with chromium predominating (and excluding Group V). 
6 Or other ratios with nickel predominating. 
The final form for charting the data has been agreed upon and im- 
mediate activity in preparation of the data can be expected. 
Subcommittee IV on Methods of Corrosion Testing (E. S. Taylerson, 
chairman).—-Further discussion of this subcommittee’s program at a meet- 
ing in Chicago, Ill., seems generally to indicate that exposure tests on a 
small scale are favored. A program was presented for the initiation of a 
series of exposure tests to correlate composition, manufacturing and fab- 
ricating methods and exposure conditions. This is so broad that a special 
committee was appointed to study it and to report to the main committee 
on the part that Subcommittee IV can take in promoting this objective. 
A small subcommittee was outlined and is in process of formation to in- 
spect existing installations and to correlate service with previous manv- 
facturing history. Progress on both projects is expected by the time of 
the June meeting. 
Other groups of the subcommittee will prepare recommended pro- 
cedures for corrosion testing and compile information on the subject in 
an effort to standardize or rationalize such procedures. 


1In submitting these specifications to Committee E-10 on Standards, Committee A-10 reported results 
of the letter ballot vote as follows: Of a total membership of 63, 40 members returned their ballots, of whom 
33 voted affirmatively, 2 negatively, and 5 marked their ballots “‘not voting.’’ 
_ * Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 639 (1936); also 1936 Book of A.S.T.M. Ten- 
tative Standards, p. 133. 
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Subcommittee V on Mechanical Testing (V. N. Krivobok, chairman).— 
This subcommittee is continuing its program on the study of elastic proper- 
ties of the 18 per cent chromium, 8 per cent nickel types of steel after 
various heat treatments. 

Subcommittee VI on Metallography (C. E. MacQuigg, ex-chairman).— 
The work of this subcommittee is progressing and nearly all returns are © 
in from a preliminary microscopic examination of samples of 18 per cent 
chromium, 8 per cent nickel steel after various heat treatments. Two | 
heats containing 0.065 per cent and 0.098 per cent carbon are being ex- 
amined and photomicrographs prepared at magnifications of 100 and 750 
diameters. When this preliminary examination is completed, the sub- 
committee will continue its work in an effort to determine the nature of 
the grain boundary precipitation in austenitic steels of this type. 

Subcommittee VII on Welding (L. C. Bibber, chairman).—-Attempts 
to prepare specifications for welding have been abandoned and instead 
this subcommittee expects to compile information relating to welding the 
loys falling within the scope of Committee A-10. The controversial 
nature of the subject has hampered progress to a certain extent and some 
further discussion of activity will be necessary before the work can be 
tively continued. 

Subcommittee VIII on Specifications for Wrought Products (¥. B. 
Foley, chairman).—This subcommittee is working on specifications a : 
sme of the types of products falling within its jurisdiction. 

Subcommittee IX on Specifications for Flat Products (C. C. Snyder, 
chairman).—The three tentative specifications covering corrosion-resisting 
sheet, strip and plate prepared by this subcommittee are being continued 
n this status. Attention is being given to a revision of the Tentative 
specifications for Corrosion-Resisting Chromium-Nickel Steels (Sheet, 
‘trip and Plate) (A 167-35 T) in respect to the yield point and tensile 
strength requirements, and to the inclusion of requirements for columbium- 
treated 18 per cent chromium, 8 per cent nickel steel in these specifications. 

Subcommittee X on Specifications for Castings (W. J. Jeffries, chair- 

in).-The group of nine specifications for alloy-steel castings prepared 
this subcommittee are being continued as tentative without revision. 
in the meantime, comments and experience in their use are being collected 
nd revisions on the basis of these comments and experience are to be 
nsidered during the coming year. Much of the criticism thus far re- 
tived has been directed to the Tentative Specifications for 20 per cent 
Chromium, 9 per cent Nickel Alloy Steel Castings (A 198 — 36 T),! which 
fe accepted by Committee E-10 on October 14, 1936. 
Subcommittee XI on Specifications for Tubular Products (Newell Hamil- 


Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 639 (1936); also 1936 Book-of A.S.T.M. Ten- 
Standards .p. 133. 
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ton, chairman).—The personnel of this subcommittee is being selected 
following which subgroups will be appointed to formulate specifications for 
the various tubular products. 


This report has been submitted to letter ballot of the committee which 
consists of 69 members; 52 members returned their ballots, of whom 50 have 
voted affirmatively and none negatively, 


Respectfully submitted on behalf of the committee, 


JEROME STRAUSS, 
Chairman 
H. D. NEWELL, . 
Secretary. 
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REPORT OF THE RESEARCH COMMITTEE | 


FATIGUE OF METALS 


During the past year the cooperative arrangement that has been estab- 
lished by the committee with Metals and Alloys has been continued, and 
abstracts of current information concerning the fatigue of metals have 
appeared in that journal. 7 

The committee held a meeting in Chicago, Ill., on March 2, 1937. 
The main part of the meeting was devoted to a summary of the problems 
in the field of fatigue and especially interesting investigations in progress. 
The desirabilitv of conducting comparative fatigue tests using hollow and 
lid rotating-beam specimens and of comparing the test data with results 
of axial-tension-compression tests were mentioned but results are not yet 
available. Tests by W. M. Wilson at the University of Illinois on riveted 
joints under axial tension and compression using a testing machine with a 
maximum range of from 200,000 lb. per sq. in. in tension to 200,000 lb. 
per sq. in. in compression failed to produce failure by shear in the rivets. 
Failure occurred from a spreading crack starting at a bolt hole, although 
the calculated shearing stress was far above the shearing endurance limit 

ithe steel in the rivets. Some discussion took place whether this shearing 
is due to the friction of the rivet heads, or to some other cause. 

Fatigue failures in the case of repeated highly localized compressive 
tress, under such conditions as exist between a car wheel and a rail, were 
iso discussed. Such failures include the ‘‘shelling” of the tread of car 
wheels, “pitting”? of gear teeth, and internal fissures in railroad rails. 
Discussion as to the place where such failure starts brought out a probable 
‘planation that it originates as the result of a shearing stress slightly below 

surface at some minute crack or other imperfection in the metal. It 

s pointed out that under such intense compression the surface layers in 

tact become work-hardened, and therefore more brittle, and that a 
tack might start somewhere in the transition region between the work- 
dened material and the material not work-hardened. It is interesting 

note that H. E. Smith has indicated that the effect of “shelling”’ of 

heels does not occur in the second wear, that is, after the wheel has been 
machined and put back in service. 

Tests on sheet metals for airplane use were reported to be in progress 
it the National Bureau of Standards. Special emphasis is placed on cor- 
tosion and erosion effects. 
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The significance of the shape of the upper branch of the S-N diagram 
was discussed. This led to the suggestion of a need for some cooperative 
research work in which a very uniform lot of material should be secured 
and test specimens machined and tested by various laboratories. In such 
an investigation exact records of the machining and polishing procedur 
used in preparing the specimens should be kept. 

The matter of “size effect” with respect to stress concentration was 
discussed and reports from several laboratories were considered. Here 
again, the results are not complete enough for conclusions to be drawn. 

The question of nomenclature for fatigue testing, especially of nomen- 
clature for range of stress, was considered and it was decided that at the 
present time no action should be taken by the committee recommending 
any nomenclature as a proposed standard. ‘Two types of nomenclature 
are in rather general use in this country and in England. ‘They are dis. 
cussed in an Appendix to this report which also includes a diagram pro- 
posed by R. L. Templin that is applicable to fatigue tests of those metals 
which do not develop a definite endurance limit, and for which the endur- 
ance limit must be stated for a definite number of cycles. 


This report has been submitted to letter ballot of the committee which 
consists of 17 members; 16 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, a 


H. F. Moore, 
Chairman. 
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This discussion of nomenclature is published as information only, — 
and it is not intended to recommend any of the nomenclature noted here 
as a proposed standard. 

At the present time in English-speaking countries two types of nomen- 
lature are in rather common use, as follows: 

The ratio between (numerically) minimum stress and maximum 
~ stress in a cycle is denoted by r. This ratio, 7, may be either 
tals positive or negative. To specify the range of stress, the range 
idur- ratio with its sign is to be given, and the (numerical) maximum 

stress together with the statement whether it is tension, com- 
pression, positive shear, or negative shear. 

2. In the second system of nomenclature any cycle of stress is thought 
of as made up of a mean (steady) stress, S,, with a reversed 
(alternating) stress, S,, superimposed on it. To specify range of 
stress it is necessary to specify the mean stress and to specify 
whether it is tension, compression, positive shear, or negative 
shear and to specify the alternating stress in the cycle. 

Table I shows how this nomenclature is applied in nine typical stress 

ycles. 

Numerous diagrams have been proposed representing the effect of 
range of stress. Perhaps the most common type would be the Goodman 
diagram slightly modified from its original form. Figure 1 shows such a 
diagram. ‘The line CD represents the range for completely reversed stress. 
The stress in this cycle would be +O’C. AO represents a cycle in which 
the range ratio r is zero. O’’ F represents a cycle in which the ratio is 

me 
oe 1K represents a cycle in which the maximum stress is OK and 

I 


O" HT 
O"K 

Figure 2, which is self explanatory, shows a diagram based on the 
steady stress plus alternating stress nomenclature. 

Figure 3 represents a diagram proposed by Earnest Hartman of the 
Aluminum Research Laboratories in which maximum stress in a cycle is 
plotted as ordinates, minimum stress as abscissas, and curves are drawn 
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for endurance limits for various definite numbers of cycles. For example 
for the given metal (a light alloy) under a cycle varying from 20,000 |. 
per sq. in. in compression to 10,000 lb. per sq. in. in tension, the metal 
would be stressed below the endurance limit for 100,000,000 cycles of stress 
In this figure the 
are used algebraically not numeri- 


but above the limit for 500,000,000 cycles of stress. 
terms “maximum” and “minimum” 
cally as in Paragraph 1 on the previous page. 


TABLE I.—NUMERICAL EXAMPLES OF “RANGE RATIO” AND ‘MEAN Stress” NOMENCLAI 
FOR REPEATED STRESS. 
In this table are given nine typical examples of the use of two systems of nomenclature for cycles of tension ani 


compressive stress. A similar tabulation could be made for cycles of shearing stress, uni-directional and reversed, 
All values of stress are given in pounds per square inch and T. denotes tension, and C., compression. 


Range Ratio Nomenclature | Mean Stress Nomenclatyr 


Diagram of Stress Range of Stress Applied 


During Cycle 


During Cycle 


Range 
Ratio, r 


Steady stress, 30,000 T 


+1.0 


Maximum 
Stress 


Mean 
(steady) 
Stress, Ss 


30 000 T. 


30 000 T. 


Pulsating stress from 10,000 

Pulsating stress from 0 to 
20,000 T 


Partly reversed stress from 
5000 C. to 18,000 T 


25 000 T. 


17 500 'T. 


+7 500 


20 000 T. 


10 000 T. 


18 000 T. 


6 500 T. 


+ 10 000 


+11 500 


Completely reversed stress 
from 13,000 T. to 13,000 C. 


13 000 T. 


or C. 


13 000 


Partly reversed stress from 
6000 T. to 22,000 C 


22 000 C. 


8 000 


+ 14 000 


Pulsating stress from 0 to 
24,000 C 


24 000 C. 


12 000 C. 


+12 000 


Pulsating stress from 
10,000 C. to 20,000 ¢ 


Steady stress, 35,000 C...... 


+1.0 


20 000 C. 


15 000 C. 


35 000 C. 


35 000 C. 


+§ 000 


0 


There is a paucity of data available covering fatigue tests showing 


_ 


the effect of range of stress on shearing endurance limit. The results that 
are available indicate that the range of stress which will cause shearing 
fatigue failure is nearly independent of the maximum stress in a cycle. 
This is illustrated in Fig. 4 which is a modified Goodman diagram for 
shearing fatigue strength. 

Experimental data for values of r approaching +1, or, what is the 
same thing, for values of alternating stress very small in comparison with 
the mean (steady) stress, are very few indeed. Various formulas have 
been proposed for expressing a ratio of endurance limit for different ranges 
of stress, but whether these formulas are the same for different metals Is 
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uncertain, nor is there much known about them for any metal for values 
ofr between O and +1. 
The study of the effect of range of stress is one of the most fertile __ 
felds in the study of fatigue of metals. i 
Data - 
G 


Data 
few 


An Alloy | 
40 000 Stee! 


20000 44 


60000 


k-Tensile Strength > 


Z 
Z 
Z 


20 000 40000 80000 
Steel Mean (Steady) Stress, 
40 Ib. per sq. in. 


Fic. 1.—Modified Goodman Diagram. Fic. 2—Mean Plus Alternating 
Stress Diagram (after Haigh). 


mw 


Ib. per Sq. in. 


Alternating Stress, 


=7 500 
Test Dat Lag 
10 000 Data Few-- 
é 
— 2 2.20 f/f 8 j 
12 000 60000 20000 0 20000 «60000 ‘ 
Minimum Stress, Ib. per sq in. 
aa Fic. 3.—Diagram Used by Hartman. Fic. 4.—Modified Goodman Diagram 


Curves show endurance limits for different numbers for Shéaring Stress (Torsion). 
cycles of stress. In this figure the terms “‘ maximum’ 
id “minimum” are used in the algebraic sense; that is, 
negative numerical maximum is an algebraic minimum. : 
and quite extensive. The ordinary rotating-beam test cannot readily be 
wed, and the expensive direct axial tension-compression test is about 
the ne only test which will give reliable stress measurements when the metal 


stressed into the plastic range. a 
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DISCUSSION 


Mr. R. E. PETERSON' (presented in written form).—It seems to th 
writer that the type of representation having mean stress as abscissas and 
maximum-minimum stress as ordinates (see accompanying Fig. 1) should 
also be mentioned. ‘This type of diagram is somewhat similar to Fig. 2 of 
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Ground specimens 
---Notched specimens 

20 AO 60 80 
Steady Stress, kg. per sq. mm 
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Minimum and Maximum Stress,kg. per sq. mm. 


Fic. 1.-Notch Effect in Fatigue Stressing with Initial Tension (0.7 per cent Carbon Steel) 
(According to Tests by Schenck, Stahl und Eisen, Vol. 52, p. 660) 

the report but has the advantage of showing the relationship of maximum 
and minimum stresses to the static properties of the material (proportional 
limit, yield strength, etc.). Incidentally, if the scales are the same, a 45-deg. 
line will be a line of symmetry and the combination of mean stress and alter- 
nating stress is clearly shown in the ordinate direction. This type of repre- 
sentation has been used to a considerable extent abroad, as for example in 
the V.D.I. design sheets, and it probably has a considerable usage in this 
country also. ‘The writer has found, for example, that designers in the com- 
pany with which he is associated like either this type of representation oF 
the type of diagram indicated in Fig. 2 of the report. 


' Manager, Mechanics Division, Westinghouse Research Laboratories, Westinghouse Electric and Manu 
facturing Co., East Pittsburgh, Pa. 
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There is a further point which has a bearing on choice of representation. 
Such data as are available indicate that stress concentration factors apply to 
the alternating portion of the stress only (see accompanying Fig. 1). Various 
design codes, such as that by Soderberg,' are prepared on this principle. 
Method 2 of the report which really includes the type of representation 
shown in Fig. 2 of the report and also that illustrated by the accompanying 
Fig. 1, lends itself very well to the above consideration of stress concentra- 
tion, while the other methods do not. It appears to me that this is not a 
minor point since nearly all members in practical use under variable stress 
conditions involve some form of stress concentration. 

The writer wishes to emphasize that these are personal opinions only 
and he agrees with the viewpoint of not recommending any one procedure at 
this time. The real need is for more data from pulsating tests (at various 
mean stresses) of notched specimens. As far as the writer is aware, no 
work of this kind is now in progress, and it is hoped that someone will 
undertake such a program. 

H. F. Moore? (closure by letter).—1 wish to thank Mr. Peterson both 
ior the diagram he has presented and for the suggestion of its special 
usefulness in studying the relation of stress-concentration factor to range 

{stress during a cycle of repeated stress. Pe 
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Journal of Applied Mechanics, September, 1935. 
Professor of Engineering Materials, University of Illinois, Urbana, Ill. 
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REPORT OF JOINT RESEARCH COMMITTEE 
ON 
EFFECT OF TEMPERATURE ON THE PROPERTIES OF 
METALS 


Meetings: 

During the past year meetings were held on June 29 and 30 and July 1, 
1936, in Atlantic City, N. J.; on November 30 and December 1, 1936, in 
New York City; on March 3, 1937, in Chicago, IIl.; and on June 4, 1937 


in Columbus, Ohio. 
Finances: 


Beginning with the year 1932, a plan of sponsored researches was 
inaugurated and from then until the year 1935, funds were obtained amount- 
ing to about $12,000! for the support of such work. Details of the researches 
and the contributions made were given in the annual reports? of 1932 to 
1935, inclusive. 

By the end of the year 1935, available funds had been expended and 
it became necessary to secure additional support for the committee’s work. 
A new Finance Committee was appointed, under the chairmanship of R. A. 
Bull, and by June, 1936, had secured contributions of about $10,000 from 
22 industrial organizations and the Engineering Foundation, as was reported 
in detail in last year’s annual report.* Additional funds were pledged 
during the past 12 months and now total $19,500. Of these, payments total- 
ing $18,000 have been received, leaving a balance due of $1500 (covering 
partial payments not yet due, on one subscription made for liquidation 
over a two-year period). 

The contributors, of cash and the amounts pledged, are summarized 
below in the order in which the pledges were received by the committee: 


1. The Internationai Nickel Co., Inc 
Ajax Electrothermic Corp 
3. Henry Vogt Machine Co., Inc 

4. Dodge Steel Co 

5. The Wm. Powell Co 


1 All moneys are deposited directly with the American Society of Mechanical Engineers which administers 
the fund under requisitions authorized by the Joint Committee. 

2 Proceedings, Am. Soc. Testing Mats., Vols. 32 to 35, Part I (1932 to 1935). 

8 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part i, p. 127 (1936). 
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. Lebanon Steel Foundry 

. Bethlehem Steel Co., Inc 

. Stockham Pipe Fittings Co 

. Sivyer Steel Casting Co 

. Climax Molybdenum Co 
Standard Oil Development Co 

. American Chain Co., Inc 

. The Texas Company 

. The Midvale Co 


. Allis-Chalmers Manufacturing Co 
. The Edward Valve and Manufacturing Co., Inc 
. Westinghouse Electric and Manufacturing Co 
. The Lunkenheimer Co 
. The Engineering Foundation 
. The Standard Oil Co. (Ohio) 
. The Babcock & Wilcox Co 
. Allegheny Steel Co 
. E. I. du Pont de Nemours and Co., Inc 
. Standard Oil Company of California 
. The Superheater Co.. 
. United States Steel Corp.. 
30. The Carpenter Steel Co 
. Utilities Coordinated Research, Inc 
. Republic Stee! Corp 
. Walworth Co., Inc 
. American Petroleum Institute 


*The American Petroleum Institute was requested to support the work of the committee subsequent to a 
eipt of contributions from some individual oil companies. The Institute agreed to solicit funds from © 
lustry. and the contribution of $2700 represents the contributions obtained from companies other aed 
isted above. 


Expenditures since June, 1936, included: $2250 at Battelle Memorial 
lnstitute for project No. 12;! $500 granted by Engineering Foundation to 
hitiate project No. 18; $1500 at the University of Michigan for project 
Xo. 11; $1000 at the Massachusetts Institute of Technology to initiate 
project No. 10. 

A detailed statement of the finances of the committee is given in the 
lowing balance sheet which shows $14,447 available for the Joint Com- 


mittee’s program. 
CasH Receipts (SrncE May 31, 1936) 


Subscriptions 


6. Electro Metallurgical $1000 
1000 
250 
100 
750 
ly 1, 250 
500 
es 100 
937, 400 
400 
500 
250 
was 
unt- 
hes 100 
“nes 3000 
to 500 wre 
300 
and 200 
ted 
ged 
tal- 
ing 
jon 
zed 
76.06 
sters 
For a key to the nature of the different projects, see later sections of this report. ; : 
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EXPENDITURES (SINCE 31, 1936) T 
1936 
June None and, 
July Postage (A.S.M.E. Office) $ » ‘ 
Battelle Memorial Institute (Project No. 12) 1000.00 of con 
Finance Committee (Expenses) 200.00 subcol 
University of Michigan (Project No. 11) 500 1 
August Postage (A.S.M.E. Office) 7 ; 
September University of Michigan (Project No. 11) 500 Chair 
Ogilvie Press (Printing) g 9 "ae 
October Battelle Memorial Institute (Project No. 12) 500.( secre 
November Postage (A.S.M.E. Office) 2? ton W 
December Finance Committee (Expenses) 63.52 ” 
1937 
January Messenger Service (A.S.M.E. Office) 7 Com! 
Battelle Memorial Institute (Project No. 12) 500.00 lecté 
Massachusetts Institute of Technology (Project No. 10) 1000.00 alec 
February Battelle Memorial Institute (Project No. 17) 24.31 ] 
March University of Michigan (Project No. 11) .. 500.0 tal 
Battelle Memorial Institute (Project No. 12) 250.0 to 
April Battelle Memorial Institute (Project No. 18)¢ 500. 0 


$5548.38 folloy 


I 
_* A direct payment of $500 was made from Engineering Foundation to Battelle Memorial Institute (or 
project No. 18). his is shown in the above balance sheet as both a receipt and an expenditure. \ 


Balance on hand May 31, 1936 $7 919.42 
Cash receipts since May 31, 1936 12 076.06 


$19 995.48 
Expenditures since May 31, 1936 5 548.38 


Balance on hand $14 447.10 


Contribulions of Materials: 
Contributions of materials for use in the various projects of the 
committee have been made as follows: 


Approximately 3500 lb. of 4 to 6 per cent 
Crucible Steel Company of America chromium, 0.5 per cent molybdenum steel. 
Approximately 4200 Ib. of carbon-molybdenum 
steel. Both in bar form. 
Babcock & Wilcox Tube Co Processing the above two materials into tubular 
form. 


Organization: 
The funds available permitted appreciable enlargement of the program 
of sponsored researches and resulted in a heavy burden being placed on 4 
few of the members of the committee under the plan of organization 
adopted in 1932. Reorganization was believed to be desirable, so as to 
permit a more equitable distribution of responsibility and work among the 
membership and this was undertaken during the year. 
It was decided that there should be no standing committees within 
the Joint Committee, other than the Executive Committee, but as projects 
were authorized a chairman of a “Special Committee” would be appointed 
to handle the project in question, including the formation of the Special 
Committee. Upon completion of a project, the Special Committee would 


be automatically discharged. 
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This plan of organization was put into effect during March, 1937, 

and, with the exception of the Finance Committee and the reappointment 

an of committee chairmen handling individual projects, all committees and 
00.00 J subcommittees previously appointed were discharged. 


e- The officers of the committee now comprise a Chairman, a Vice- 


00.00 MF Chairman, and a Secretary. N. L. Mochel, who since 1929 has been 

ma Secretary of the Joint Committee, was elected Vice-Chairman; J. W. Bol- 
2 ton was made Secretary. 

63.52 The &xecutive Committee is comprised of the three officers of the Joint 
10 Committee and two additional members. The two members-at-large, 


“op elected in March, 1937, were F. B. Foley and E. L. Robinson. 


24.3) Election of officers and two members of the Executive Committee is 
nap to take place every two years, in the even numbered years. 
00.00 Membership of the Joint Committee, as of June, 1937, comprises the 
following: 
R. H. Aborn, Research Laboratory, U.S. Steel Corp., Kearny, N. J. 
W. H. Armacost, Combustion Engineering Co., Inc., 200 Madison Ave., New 
York City. 
A. B. Bagsar, Chief Metallurgist, Sun Oil Co., Marcus Hook, Pa. 
A. D. Bailey, Chief Operating Engineer, Commonwealth Edison Co., 72 W. 
Adams St., Chicago, III. . 
F. E. Bash, Manager, Technical Dept., Driver-Harris Co., Harrison, N. J. 
J. W. Bolton, Chief Chemist and Metallurgist, The Lunkenheimer Co., Cin- | 
cinnati, Ohio. 
R. A. Bull, Consultant on Steel Castings, 541 Diversey Parkway, Chicago, III. 
the The Director, National Bureau of Standards, Department of Commerce, 
Washington, D. C. 
cent The Director, Naval Engineering Experiment Station, Annapolis, Md. 
el. E. S. Dixon, Metallurgist, The Texas Company, Port Arthur, Texas. 
num F. B. Foley, Director of Research, The Midvale Co., Nicetown, Philadelphia, Pa. 
J. R. Freeman, Jr., Assistant Technical Manager, American Brass Co., Water- 
bular bury, Conn. 
H. J. French, In Charge, Alloy Steel and Iron Development, The International 
Nickel Co., Inc., 67 Wall St., New York City. 
H. W. Gillett, Chief Technical Adviser, Battelle Memorial Institute, Columbus, 
Ohio. 
A. J. Herzig, Chief Metallurgist, Climax Molybdenum Co., Detroit, Mich. 
G. F. Jenks, Colonel, Office of Chief of Ordnance, U.S. Army, Munitions Building, 
Washington, D. C. 
J. J. Kanter, Crane Co., 836 S. Michigan Ave., Chicago, IIL. 
H. J. Kerr, The Babcock & Wilcox Co., Barberton, Ohio. 
C. E. MacQuigg, Union Carbide and Carbon Research Laboratories, 30 E. 42nd 
St., New York City. 
P. E. McKinney, Metallurgical Engineer, Bethlehem Steel Co., Bethlehem, Pa. 
N. L. Mochel, Metallurgical Engineer, Westinghouse Electric and Manufacturing 
Co., Lester Branch P. O., Philadelphia, Pa. 
E. L. Robinson, Turbine Dept., General Electric Co., Schenectady, N. Y. 
A. E. White, Director, Department of Engineering Research, University of 


Michigan, Ann Arbor, Mich. A 
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There follows a list of the members of the committees handling the Electr 
different portions of the Joint Committee’s work: dum t 
Executive Committee (to June, 1938) No. — of Tentatin the p 

H. J. F h ethods E 22 — 35 I 

Mechel C. L. Clark (Chairman) 

J. W. Bolton F. B. Foley (Secretary) . ance 


F. B. Fol R. H. Aborn 
A. C. Chamberlin tha 


L. W. Clark | Tensi 
Committee on Finances (to June, 1938) H. C. Cross . ath | 
R. A. Bull (Chairman) J. J. Kanter 

A 


. D. Bailey M. S. Northrup tentat 
E. S. Dixon E. L. Robinson { : 
H. J. French E. L. Roff 
C. E. MacQuigg J. B. Romer and C. O. Burgess Lom! 
E. L. Robinson C. A. Scharschu societ 


Project No. 10—Testing of Tubular Members David Zuege 
at Massachusetts Institute of Technology Project No. 15—Torsion-Creep Tests 

C. E. MacQuigg (Chairman) University of Michigan 
F. H. Norton A. E. White (Chairman) 

Project No. 11—Assembly and Interpre tation P. L. Everett 

_ of Available Creep Data Project No. 16—Relaxation Tests 
P. E, McKinney (Chairman) E. L. Robinson (Chairman) 
F, E. Bash J. J. Kanter 
C. L. Clark N. L. Mochel 
Project No. 17—Life Test Methods 


N. L. Mochei A. E. White (Chairman) 


E. L. Robinson Project No. 18—Effect of Manufacturing 
Project No. 12—Long-Time Creep Tests on Variables 
K20 Steel at Battelle Memorial Institute H. W. Gillett (Chairman) 


H. W. Gillett (Chairman) Project No. 19—Procurement of Material for 
Project No. 13—Properties of Metals at Low Projects Nos. 10, 15, 16 and 17 it th 


Temperature H. J. Kerr (C amen This 
H. W. Russell (Chairman) R. A. Bull 


High-Temperature Test Methods: 


The Tentative Methods of Test for Short-Time ‘High- Temperature 
Tension Tests of Metallic Materials (E 21-34 T) and for Long-Time 
(Creep) High-Temperature Tension Tests of Metallic Materials (E 22- 
35 T) were reviewed during the year. 

The subcommittee formerly known as III-E has reviewed Method 
E 22 and has initiated further research work among cooperating laboratories 
before recommending revisions of the method. The further consideration 
of this method has now been listed as project No. 14, and the chairman 
and members of former Subcommittee III-E have been appointed as the 
committee for project No. 14. The Joint Committee accordingly recom- 
mends that Method E 22 be continued as tentative. 

The subcommittee formerly known as III-D, under the chairmanship 
of H. J. Kerr, completed its review of Method E 21 and has submitted a 
number of recommended changes in the method, as given in detail in 
Appendix I to this report. A.S.T.M. Committee B-4 on Electrical-Heating, 
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Electrical-Resistance and Electric-Furnace Alloys has prepared an adden- 
dum to Method E 21, as given in Appendix II to this report, relating to 
the preparation of cast tension test specimens of heat-resistant metals 
chromium-nickel and chromium-nickel-iron alloys) to be tested in accord- 
ance With this method. The Joint Committee accordingly recommends 
that the Tentative Method of Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials (E 21 — 34 T) be revised in accordance 
with the detailed changes given in Appendices I and II, and continued as 
tentative. 

This recommendation has been submitted to letter ballot of the Joint 
Committee which consists of 22 members, for submission to the sponsor 
societies; all members returned their ballots, with the following results: 


I Affirm- | Neg- 
tem ative ative 


Voting” 


Proposep Revision or TenTATIVE STANDARD 
1 of Test for Short-Time High-Temperature Tension Tests of Metallic Materials (E 21 - 
44 T): 
evisions of tension test as given in Appendix I 


Inclusion of addendum on preparation of cast tension test specimens of heat-resistant metals 
as given in Appendix II 


earch Projects: 


There follows a summary of the various new research projects and of 
york previously initiated and continued during 1936-1937. 

Project No. 10 on Testing of Tubular Members at Elevated Temperatures 
it the Massachusetts Institute of Technology (C. E. MacQuigg, chairman). 
This work is to permit comparisons of the creep of steels at elevated tem- 
peratures under biaxial stresses (tube tests) and under unidirectional stress 
usual tension creep tests). Biaxial stresses will be obtained by internal 
pressure in tubes in special testing equipment now under construction at 
the Massachusetts Institute of Technology, under the supervision of 
H. Norton. 

The preliminary tests now authorized are on carbon-molybdenum steel, 
it two loads at each of two temperatures, 800 and 1050 F’.; also on 5 per 

nt chromium steel, containing molybdenum, to be tested at two loads 
it 1200 
Expenditures during a period of two years were authorized up to 
$6000. 

Project No. 11 on Assembly and Interpretation of Available Creep Test 
Data at the University of Michigan (P. E. McKinney, chairman).—The 
‘lection of metals for equipment operating at elevated temperatures often 
requires a knowledge of their creep characteristics. Technical literature 
reveals large differences in the creep of steels not readily explainable by 
the differences in testing procedure or by variations in metal composition. 
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A compilation, under C. L. Clark, at the University of Michigan, of P, 
published and unpublished creep test data was authorized so as to secure fp (re? 
for engineers a better idea of the creep characteristics of commonly used § Were 4 
metals. Requests for unpublished data were directed to some 45 American & F-L-! 
and 22 foreign laboratories and when received the information will he nolyb 
coordinated with published data already assembled. Subsequently, an § 150 ! 
analysis of the data will be made. It 

To date, extensive data including over 300 creep tests have been con. & pasti¢ 
tributed by American Brass Co., The Babcock & Wilcox Tube Co., Battelle which 
Memorial Institute, Bethlehem Steel Co., Brown-Boveri and Co., Ltd, P 
Climax Molybdenum Co., Crane Co., General Electric Co., Jacob Holtzer, § ne 
The International Nickel Co., Inc., The Lunkenheimer Co., National Tube are pl 
Co., Timken Steel & Tube Co., University of Illinois, National Physical with t 
Laboratory (England), and The Technische Hochschule, Breslau, Germany. condit 

Expenditures to date total $1500 and it is contemplated that the sl! 
work will be completed by January 1, 1938, at a cost not in excess of $500 A 
additional. ther 

Project No. 12 on Long-Time Creep Tests on Carbon Steel (K20) at ecau 
Battelle Memorial Institute (H. W. Gillett, chairman).—This project, which J °U 
has been under way for several years, is concerned with the validity of tests i 
of several hundred and several thousand hours’ duration as indicators of "hte 
creep “strength” for practical service life of 20,000 hr. or more. vork 

Tests have been under way on a carbon steel (K20) at 850 F. and an & ctu 
austenitic chromium-nickel steel (K19) at 1150 F. Work on the latter mined 
was discontinued during the year because the total creep exceeded the jt 
amounts in which many users are interested. The test on one of the twe 

_ carbon-steel bars (K20) is still under way, the load and temperature having ESI 
= maintained continuously for more than 17,000 hr. sod 

A detailed progress report of this research, by H. C. Cross and J.G. “4 
Lowther, comprises Appendix III to this report, entitled “‘ Report on Long- 

Time Creep Tests of 18 per cent Chromium, 8 per cent Nickel Steel and 
0.35 per cent Carbon Steel.” 

Project No. 13 on Investigations of the Properties of Metals at Low 
Temperatures (H. W. Russell, chairman).—The work of this group, so far, 
has been restricted to the preparation of a questionnaire and an analysis 
of the replies intended to bring out problems of greatest general interest. 
Specific researches have not yet been planned and no appropriations oF 
expenditures have been made. 

Project No. 14 on Revision oj Tentative Method E 22 — 35 T (C. L. Clark. 
chairman).—-Further consideration will be given during the year to the 
Tentative Method of Test for Long-Time (Creep) High-Temperature 


Tension Tests of Metallic Materials (E 22-35 T), as mentioned earlier 
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n. of Project No. 15 on Torsion-Creep Tests for Comparison with Tension- — 
cure (reep Tests (A. E. White, chairman).— “Expenditures not in excess of $1200 
used were authorized for work which will be started in the near future, under — -¢+ 
rican F-L. Everett, at the University of Michigan. Tests will be made on carbon- 

Il be molybdenum steel at four loads at each of two temperatures, 800 and 

an 1050 F. 

It is hoped that the torsion-creep tests may throw further light upon 
con. & plastic flow phenomena and that possibly the results may be of a nature 
tele which will assist in the analysis of creep under compound stress. 

Ltd. Project No. 16 on Relaxation Tests (E. L. Robinson, chairman).— 
tzer. fg connection with the work under projects Nos. 10 and 15, relaxation tests 
Tube ( ae planned on samples of the carbon-molybdenum steel for comparison 
sical with the torsion-creep tests, also tension-creep tests made under the usual 
any. @ onditions. Relaxation tests also will be made on chromium-molybdenum 
the steel bolting stock (S.A.E. No. 4140). 
$500 Aside from the correlation of relaxation test data with the results of 
ther tests, the data are expected to be of direct interest to engineers — 
decause they will represent different conditions of stress and temperature 
shich ncountered in practice. Expenditures up to $800 have been authorized. 
tests Project No. 17 on Study of High-Temperature Life-Test Methods (A. E. 
rsof i White, chairman).—Expenditures up to $1000 have been authorized for — 
work under C. L. Clark at the University of Michigan. The time for 
dan & ‘acture of carbon steel (K20) and carbon-molybdenum steel will be deter- 
atter jj “ned under conditions of relatively rapid flow (about 24 hr. or less for 
the racture), with the idea that definite and determinable relations exist 
* the tween stress and temperature which may be utilized as the basis for life 
ving ts of metals and which may, in a short period of time, give a reasonably 

d indication of long-time creep ‘‘strength.”” The results will be coor- 
inated with constant strain-rate tests on the carbon-molybdenum steel _ 
nade by A. Nadai, through the courtesy of Westinghouse Electric and 
Manufacturing Co. 

Samples of the carbon steel (K20) have also been forwarded to the 
lniversity of Brussels, where modified Pomp and Dahmen tests will be 
nade, the results to be correlated with the information referred to above, 

% as to secure a broader picture of the several accelerated test methods 
roposed during recent years for rapid determinations of creep properties 
steels at elevated temperatures. 

Project No. 18 on Study of Effects of Manufacturing Variables on the — 

rep Resistance of Steels (H. W. Gillett, chairman).—This problem, which 
‘ms to many of the members of the Joint Committee to be of funda- 
mated importance, is discussed in some detail by H. W. Gillett in Appendix | 
‘ to this report, entitled ‘Discrepancies in the Load-Carrying Abilities 

Carbon Steels at 850 F.” 
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of $1500. 
Project No. 19 on Procurement of Materials for Projects Nos. 10, 15, | 
and 17 (H. J. Kerr, chairman).—-Coordination of many of the tests men 
1 tioned is an essential part of the present research program, requiring 
- coordination in the preparation of materials to be tested at different labor. 
-atories. For this reason a special committee for this project was formed 


_ Preliminary work has been authorized with expenditures not in ex 


Miscellaneous Activities: 
Plasticity of Metals.—The Joint Committee cooperated with the Com. 
mittee on Plasticity, Division of Applied Mechanics of the American 
; Society of Mechanical Engineers in arranging for a technical session at the 
- December, 1936, Annual Meeting of the A.S.M.E. At that session several 
/ papers, by individual authors, and committee reports were presented, as 
follows: 
“The Creep Curve and Stability of Steels at Constant Stress and Temperature,” 
by S. H. Weaver,! 
“The Interpretation of Creep Tests for Machine Design,” by C. R. Soderberg} 
“Creep Tests at 850 F., of the 0.35 Per Cent Carbon Steel, Material K20,” Report 
of Subgroup E of Committee IIT, Joint Research Committee, by C. L. Clark! 
“Progress Report on Long-Time Creep Tests of 18 Per Cent Chromium, 8 Per 
Cent Nickel Steel (K19) and 0.35 Per Cent Carbon Steel (K20) to Joint 
Research Committee,” by H. C. Cross and J. G. Lowther,’ 
“Constant Strain Rate Tests on 0.35 Per Cent Carbon Steel (K20) at 850 F.,” 
; by A. Nadai and E. A. Davis, 
“A Relaxation Test on K20 Carbon Steel,” by E. L. Robinson,? and 
“A Note on Relaxation Tests at 850 F., on 0.35 Per Cent Carbon Steel, Material 
K20,” by N. L. Mochel.? 


Future Work: 
The plan of research outlined can be expected to require the expenti- 
_ ture of most of the funds now available to the committee by the end o/ 
the calendar year 1938, but the plan was laid down with the view to flex- 
| ibility so as to permit changes, extensions or curtailments as progress is 
_ made and a clearer view of requirements may be uncovered, or as new and 
timely problems are presented. 


Respectfully submitted on behalf of the Joint Committee, 
H. J. FRENCH, 
Chairman. 
N. L. Mocuet, 
Vice-Chairman. 


J. W. Botton, 
Secretary. 


1 Transactions, Am. Soc. Mechanical Engrs., November, 1936. 
2 Transactions, Am. Soc. Mechanical Engrs., July, 1937. 
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APPENDIX I 


PROPOSED REVISION OF TENTATIVE METHOD OF TEST FOR SHORT- > 


TIME HIGH-TEMPERATURE TENSION TESTS OF METALLIC 
MATERIALS (E 21-34 T)! 


Section 3.—Change the first sentence in this section from its present 
rm: namely, 


The tension test specimen shall be of the usual type for 2-in. gage length, see 
fig. 1, as described in Section 15 of the Standard Methods of Tension Testing of 
Metallic Materials (A:S.T.M. Designation: E 8) of the American Society _for Test- 
og Materials. — 

)read as follows: 
The tension test specimen shall be either of the two types shown in Fig. 1 (a) 


ad (b). When the type shown in Fig. 1 (b) is used, the specimen shanks must extend 
yond the furnace before gripping. 


These holes are optional 
0.620" +0.00'diam. 505" 0.001" ham, 


(a) Specimen with Threaded Ends. © ; 


” 
glad. 0.505" *0.00-diam 


h4 


A 


4 


/ 
0.620"+ 0.001" cham. 


Section | 
any Exact lin. 


(b) Specimen with Blank Ends. 
: _ Fic. 1.—Test Specimen for High-Temperature Tension Test. 


Figure 1.—Delete the present Fig. 1, showing the test specimen for 
tigh-temperature tension tests, and replace with the accompanying Fig. 1 _ 
i) and (0). 

Figure 2 and Form I.—Delete Fig. 2, showing the test specimen, and 
form I, giving the form for reporting temperature survey of furnace, and 
place with the accompanying Fig. 2 and Form I. 


..| Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1214 (1934); also 1936 Book of A.S.T.M. Ten- 
¢ Standards, p. 1307. 


"These are preferred lengths and may be changed to suit existing conditions. 
| 
‘H, 
rman. 
rman. 
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Section 5.—Change Paragraph (0) of this section to read as follows 
by the addition of the italicized words and symbols and the omission of 
the words in brackets: 


(b) The design of the furnace shall be such that the maximum [variation of 
temperature over the gage length of the calibration bar] lemperature difference by. 
tween any two of the points T, or T,, Ty, Cy, By, and B, or By, shown in Fig, 2 (se 
Form I), will not exceed 10 F. for temperatures up to and including 1600 PF. anj 
will not exceed 20 F. for higher temperatures. 


Location of Thermocouples 


T Atend of thread B, At fillet 

Tj Inside of hole 3" beyond fillet By Outside 3"beyond fillet 

Outside 3"beyond fillet B; Inside of hole fillet 
T- At fillet B At end of thread 

Co Outside center of gage length 


Nominal Test Temperature, deg. Fahr. 


Form I.—Form for Reporting Temperature Survey. 


> = 
Fic. 2. 
Transfer the first three sentences of the Note following Paragraph () 
of this section to appear as a new Paragraph (c) of Section 5 and revise to 
read as follows: 


(c) The transverse dimensions of the furnace should be as small as possible, 
merely large enough to allow for the shackles and extensometer. Equalization of 
the temperature over the length of the test specimen shall be obtained by a metallic 
lining inside the furnace tube, or by the use of multiple heating coils, or external 
shunts or other adequate means of compensation. 


The remaining four sentences of the present Note are to be retained a 
a Note at the end of Section 5. 
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4 PROPOSED REVISION OF TENTATIVE METHOD 


Section 6.—Omit Paragraph (0) of this section which reads as follows, 
designating the present Paragraph (a) as Section 6: 


(b) The hot junction of the thermocouple shall be located at any one of locations 
T, To, Co, Bo, B shown in Fig. 2, and the location of the junction shall be reported 
with the results of tests. Where external contact is made between thermocouple 
ead and the specimen, the thermocouple shall be shielded in like manner in the ten- 
sion tests and in the calibration. 


Section 7.—-Change Paragraphs (a) and (b) of this section to read as 
follows by the addition of the italicized words and the omission of the words 
ind figures in brackets: 


7. (a2) A survey of the temperature distribution throughout the test specimens 
hall be made before making a series of tests of specimens of a given metal, on each 
furnace and test shackle arrangement used. This survey shall be made using [a special 
libration bar, shown in Fig. 2 (Form I), and for each series of tests the calibration 
ar used shall be of the same dimensions and shall be of the same type chemical 

mposition as the test specimens to be used] the coupons that are to be tested. A 
vey of temperature distribution shall be made for each temperature at which 
pecimens shall be tested, and detailed results of these surveys are to be reported with 
e results of specimen tests. These surveys furnish data for the [comparison of 
pecimen temperature at the point where the thermocouple is applied in routine tests 
pecimens with the temperature of the test specimen at the middle of the reduced 
tion of the test specimen on the axis of the specimen (C, Fig. 2)] study of speci- 
men and furnace temperatures. The temperature [of the calibration bar] during the 
rey shall be also determined at [the other! a// points indicated in Fig. 2. 

(6) During a survey of temperature distribution [on a calibration], all tempera- 

re readings shall be taken as nearly simultaneously as possible. 


Section 8.—-Add a new section as Section 8 to read as follows, re- 
numbering the remaining sections accordingly: 


8. Temperature Control During Tension Test: (a) The temperature of the speci- 
men during the actual tension test shall be measured and recorded. In all cases, a 
ermocouple shall be located at point Co, and it is preferred that thermocouples be 
so located at point Ty or T; and at point By or B,; these locations are as shown in 
Fig. 2. Where external contact is made between thermocouple bead and the speci- 
men, the thermocouple shall be shielded in like manner in the tension tests and in 
calibration. 
(b) The change in temperature over the gage length throughout the tension 
t should be limited to +10 F. from the nominal test temperature. 
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APPENDIX II 


PROPOSED REVISION OF TENTATIVE METHOD OF TEST FOR 
SHORT-TIME HIGH-TEMPERATURE TENSION TESTS OF 
METALLIC MATERIALS (E 21 - 34 T)! 


The following sections are proposed for inclusion as an Appendix to 
the Tentative Methods E 21 — 34 T. 


A1. Scope-—This appendix covers a method of preparation of cast tensior 
specimens of heat-resistant metals (chromium-nickel, chromium-nickel-iron 
chromium irons) intended for short-time tension tests up to 2200 F. 


» an 


Trad- 


Section "A-A" 
Kg 


Note-Flask may be 


shape, & Dimensions of 

' eNSIONns O: 

diam. Risers may be Modified 


r Parting line if Necessary to Improve 
Pottern on Board Z thick Quality of Test 


(a) Details of Pattern Arrangement for Casting Tension Specimen. 


_t 

-_—— 


Section"B-8° SectionC-C" 


(b) Cast Tension Test Specimen. 
Fic. Al.—Details of Casting Tension Test Specimen for Heat-Resistant Metals. 


A2. Casting Pattern.—Structural details of the tension specimen and pattern 

are given in Fig. Al. The total length of the specimen, Fig. Al (a), is 26; in. and 

it is 1-in. round. The center 4}-in. section is rectangular in shape, being 1} in. ia 
width and § in. in thickness. 

The gates and risers are so placed with respect to this section as to insure a high 

= of soundness. The particular design meme under ! A1 (b) has proven 


1 For an explanation of this proposed revision, see p. 168. 
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sctory for 35-15 nickel-chromium-iron alloys.1 Changes in the gates and risers 
be advisable for other types of alloys. ‘The soundness of the resulting castings 
be verified by radiographic examination. 

A3. Casting Specimen.—The gage section of the test specimen shall be machined 
the central rectangular portion of the casting. Its dimensions shall conform 
se given in Fig. 1 of this method. ‘The shanks of the cast specimens are pur- 
y made of sufficient length to remove all threaded or other connections from 
eated zones of the test furnace. ‘This procedure is necessary since specimens 

type will in general be tested at temperatures up to 2200 F. The ends of the 
; may be threaded to fit the adapters of the testing machine. The specimen 
be machined true and axial. 


A4. Testing Apparatus and Procedure.—All details as to the tension machine 
i test procedure shall be in accordance with those specified in this method. 


pattern. Tension tests conducted by three laboratories at 1600 F. on these castings showed that the 


Tests by three foundries have shown that sound castings were produced consistently through the use > 
properties were in satisfactory agreement. 
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APPENDIX III 


REPORT ON LONG-TIME CREEP TESTS OF 18 PER CENT CHROMIVU! 
8 PER CENT NICKEL STEEL AND 0.35 PER CENT 
CARBON STEEL 


REPORT TO THE JOINT COMMITTEE COVERING A SPONSORED RESEARCH PRo) 
CARRIED OuT AT BATTELLE MEMORIAL INSTITUTE 


This report is a continuing progress report on the same long-time creep 

tests previously reported to the sponsor societies.'»?.* 

This program was undertaken to procure data for comparisons of creep 
rates over short and long periods of time. These data will permit com- 
parisons of values obtained by extrapolations and computations from creep 
tests of short periods of time with the actual test data obtained over longer 


test periods. 
Material: 


The 18 per cent chromium, 8 per cent nickel steel was water quenched 
from 2000 F. prior to test while the 0.35 per cent carbon steel was supplied 
full annealed. 


Details of the preparation, heat treatment, and properties of the 18 
per cent chromium, 8 per cent nickel steel and the 0.35 per cent carbon 
steel are given in previous reports to the A.S.M.E.-A.S.T.M. Joint Research 
Committee on Effect of Temperature on the Properties of Metals.“ 


Creep Tests on 18 per cent Chromium, 8 per cent Nickel Steel (K19): 

Table I gives a summary of the creep test data. The complete time- 
deformation curves for specimen No. B12-4 were shown in a previous 
progress report.’ The time-deformation curves for specimen No. B12-1 
are shown in Fig. 1. The rate of deformation is shown to have slowly but 
steadily increased since the last report was submitted at a test time o/ 
15,185 hr. 

At 16,447 hr., the load on specimen No. B12-1 was removed but the 
temperature was maintained at 1200 F. The rate of deformation at this 
time was about 0.00039 per cent per hr. and the total deformation was 
about 4.382 per cent. 


1H. C. Cross and F. B. Dahle, ‘“‘Long-Time Creep Tests of 18 Cr 8 Ni Steel and 0.35 per cent Carbon 
Steel,’’ Transactions, Am. Soc. Mechanical Engrs., Vol. 58, No. 2, p. 91 (RP-58-2) (1936). ' 
? Report on Long-Time Creep Tests of 18 per cent Chromium, 8 per cent Nickel Steel and 0.35 per ces 
Carbon Steel, Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 143 (1936). a “I 
3H. C. Cross and J. G. Lowther, Transactions, Am. Soc. Mechanical Engrs., Vol. 59, No. 5, p. Hs 
RP-59-5, July (1937). , 4 Low 
4H. C. Cross, ‘High Temperature Tensile, Creep and Fatigue of Cast and Wrought High- aR P56) 

Gsoon 18 Cr 8 Ni Steel from Split Heats,” Transactions, Am. Soc. Mechanical Engrs., Vol. 56, p. 533 (RP- 

1934). 
6 Short-Time Tensile Tests at 850 F. of the 0.35 per cent Carbon Steel Material K20,’ Transactions, 

‘ Am. Soc. Mechanical Engrs., Vol. 58, No. 2, p. 97 (RP-58-4) (1936). 
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At the start of the test on specimen No. B12-1, the deformation 
resulting from application of the load was 0.06 per cent. The immediate 
contraction upon release of the load was 0.05 per cent and during the 936 hr. 
at temperature under zero load, further contraction to a total of 0.098 per 
cent resulted. At 17,383 hr. the load of 8345 lb. per sq. in. was reapplied 
and the resultant deformation was 0.053 per cent. After maintaining the 
load for 611 hr. to a total time of 17,994 hr., during which time the rate of 
deformation was about 0.00042 per cent per hr., the load was removed, 
resulting in a contraction of 0.052 per cent and the test was then dis- 
continued. 


- TasLe I.—Creep Test DATA FoR 18 PER CENT CHROMIUM, 8 PER CENT 
NICKEL STEEL (K19). 


Test Temperature 1200 F.; Load 8345 lb. per sq. in. 


Specimen No. B12-4 Specimen No. B12-1 
0.06 0.06 


10,127 16,447 


Rate of Deformation, | Total Deformation, | Rate of Deformation, | Total Deformation, 
per cent per hr. per cent per cent per hr. per cent 


0.41 ; 0.27 
0.36 
0.50 


2.899 
See Note 1 


_ 


Norz 1.—At 10,127 hr. and 2.962 per cent deformation: 
Immediate contraction upon release of load, 0.048 per cent. 
Greatest contraction during 645 hr. at temperature under zero load, 0.071 per cent. 
Immediate deformation upon reapplication of load at 10,772 hr., 0.045 per cent. 
Load on for 695 hr., load off at 11,467 hr., immediate contraction upon release of load, 0.047 per cent. 
Test discontinued. 


Norm 2.—At 16,447 hr. and 4.382 per cent deformation: 


Immediate contraction upon release of load, 0.05 per cent. 
Greatest contraction during 936 hr. at temperature under zero load, 0.098 per cent. ¢ 
Immediate deformation upon reapplication of load at 17,383 hr., 0.053 per cent. 
Load on for 611 hr., rate 0.00042 per cent per hr. oo 
Load off at 17,994 hr. f 


Immediate contraction upon release of load, 0.052 per cent. 
Test discontinued. 


| It may be seen that the deformations and contractions resulting from 
application of the load at the start of the test and release and reapplication 
of the load after considerable deformation took place are about the same 
magnitude. It may also be seen that only about 0.048 per cent additional 
contraction to the 0.05 per cent measured upon release of the load took 
place during the 936 hr. at temperature under no load. ‘This value of 


Ran 
{ 
Initial Deformation, per cent... . 
Duration of Test, br............ 
0.00021 | 
0.00021 
0.00021 0.96 0.00013 
0.00021 1.16 0.000155 
0.000255 1.45 0.00017 
0.000255 1.63 0.000205 
. 0.000285 1.92 0.00021 
0.00028 2.19 0.000255 
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.048 per cent is very small when compared with the total deformation of 
_ 4.382 per cent measured during the 16,447 hr. under load. Discu 
The test data on loading and ‘unloading of both specimens Nos. B12-4 I 
and B12-1 indicate that practically all of the deformation subsequent to § 'U § 


that measured upon application of the load is permanent and not recover. . 
able for an 18 per cent chromium, 8 per cent nickel steel tested at 1200 F. 


chron 
the te 
tion 1 
short 


and 8345 lb. per sq. in. ee 


TABLE II.—Creep Test DaTA FoR 0.35 PER CENT CARBON STEEL (K20). 
Test Temperature 850 F. . 
\0S. 
Specimen No. 10A-4 Specimen No. 25B-5 
8 000 7 500 
0.04 0.05 


9617 


Load, Ib. per sq. in 


Initial Deformation, per cent... . 


Duration of Test, br 15 400 


Rate of Deformation, 
per cent per hr. 


Total Deformation, 
per cent 


Rate of Deformation, 
per cent per hr. 


Total Deformation, 
per cent 


0.21 
0.28 
0.34 


per cent 


Deformation, 


Nore 1.—At 9617 br. and 1.173 per cent total deformation: 
Immediate contraction upon release of load, 0.039 per cent. 
Greatest contraction during 643 hr. at temperature under zero load, 0.064 per cent. 
Immediate deformation upon reapplication of load at 10,260 hr., 0.045 per cent. 


Load on for 695 hr., load off at 10,955 hr., immediate contraction upon release of load, 0.043 per cent. 
Test discontinued. 


Nore 2.—Test continuing, rate 0.00007 per cent per hr. and deformation: 
‘1.25 per cent at 15,400 


Creep Tests on 0.35 per cent Carbon Steel (K20): 

Table II gives a summary of the creep test data. The complete time- 
deformation curves for specimen No. 25B-5 are shown in Fig. 2. The 
complete time-deformation curves for specimen No. 10A-4 were shown In 

a previous progress report.! 

The test on specimen No. 25B-5 is still in progress at 15,400 hr. with 

_a rate of deformation of about 0.00007 per cent per hr. and a total deforma 
tion of about 1.25 per cent. There has been only a slight increase in rate 
since the last report at 12,214 hr. from 0.000065 to 0.00007 per cent per hr. 


1H. C. Cross and J. G. Lowther, Transactions, Am. Soc. Mechanical Engrs., Vol. 59, No. 5, P “1, 
RP-59-5, July (1937). 
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Discussion of the Results of the Creep Tests: 
For greater ease of comparison the time-deformation curves for the “a 
four specimens tested are shown as single curves in Fig. 3. - 
Since the rate of deformation for specimen No. B12-1 (18 per cent 
chromium, 8 per cent nickel steel) was still increasing at the termination of 
the test, the difference was increasing steadily between the actual deforma- 
tion measured and the value that would be obtained by extrapolation from 
shorter and more usual test periods such as 2000 hr. 
The relatively small effect of unloading and reloading of specimens _ 
\os. B12-4 and B12-1 should be noted. 


Vz 
0 


Time, hr. 


‘1G, 3.—Time-Deformation Curves for 18 per cent Chromium, 8 per cent Nickel Steel 
(K19) at 1200 F. and 0.35 per cent Carbon Steel (K20) at 850 F. 


Although the rate of deformation for specimen No. 25B-5 (0.35 per 
ent carbon steel) has changed very little over the last 8000 hr., since its 
rate subsequent to the rate at 2000 hr. has been lower, extrapolation from 
2000 hr. leads to differences less than the actual measured deformation and 
therefore to differences on the conservative side. Only continuation of 
he test period for this carbon-steel specimen will indicate the extent of 
ume Over which an approximately constant rate will be obtained or whether 
the rate will further decrease or increase. 

Apparently, the load of 7500 Ib. per sq. in. at 850 F. for this 0.35 per 

t carbon steel (K20) is just on the border line. Lower stresses would 
kely produce more pronounced strain-hardening with consequent reduction 
the creep rate while higher stresses of 8000 Ib. per sq. in. (see Fig. 3 for 
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specimen No. 10A-4) or more, would considerably shorten the period over 


which the rate is constant or changing slowly and increasing rates would be taken 
more quickly shown. chror 
These data further confirm the conclusion that for dependable extra. § 2°! 
polations, knowledge of the strain-hardening characteristics of the materials and @ 
is absolutely necessary. 
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Fic. 4.—External Appearance of Specimen No. B12-1 (18 per cent Chromium, 8 per cent 
Nickel Steel, K19) after removal from Creep Test of 17,994 hr. at 1200 F. 


_ Examination of Specimens After Creep Test: 

Surface.-Figure 4 shows the external appearance of specimen No. 
_ B12-1 (18 per cent chromium, 8 per cent nickel steel) as removed from the 
_ creep test unit with the platinum measuring strips still in place after 17,99 

hr. at 1200 F. at a load of 8345 Ib. per sq. in. The specimen shows prac- 
tically no scale and was quite evenly discolored, checking the appearance of 
specimen No. B12-4 removed after 11,467 hr. at 1200 F. but differing from 
a previous specimen which was removed due to excessive rate of deformation 


and which showed a spotty appearance. 
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Structure-—Figure 5 shows the structure of a longitudinal section 
taken from the center of the creep test specimen No. B12-1 (18 per cent 
chromium, 8 per cent nickel steel) after test of 17,994 hr. at 1200 F. Carbide 
— precipitation has taken place in the grain boundaries, along twinning planes, 
rials and also within the grains themselves. Considerable agglomeration ofthe 
, carbide particles has apparently taken place. No difference in structure _ 
between the center and surface was noted, nor was any intergranular parting ~ 
or oxidation observed at the surface. nee 
The structure for this specimen No. B12-1 was very similar to that 
observed for specimen No. B12-4 and shown in a previous report.! 


5.—Structure of Longitudinal Section of Specimen No. B12-1 (18 per cent Chromium, 
8 per cent Nickel Steel, K19) after 17,994 hr. at 1200 F. (x 500.) 


Etchant, aqua regia in glycerine _ 


Impact Resistance.-Two round Izod impact test specimens (V-notch 
type) were machined from the reduced section of creep test specimen No. 
b12-1. The results obtained from the impact test were as follows: 


_ Izop IMPACT RESISTANCE, FT-LB. 
(Rounp 0.45 1n. DiaM., 
§ per cent Chromium, 8 per cent Nickel Steel: “V"-NotcH SPECIMENS) 
As heat treated 101 to 107 
Specimen No. B12-4 (11,467 hr. at 1200 F.)...........0.ccccceeees 50 to 58 
Specimen No. B12-1 (17,994 hr. at 1200 F.)..............200e eens 32 to 35 


The longer exposure at 1200 F. for specimen No. B12-1 (17,994 hr.) as 
ompared with specimen No. B12-4 (11,467 hr.) has resulted in a further 
reduction in impact resistance to 32 to 35 ft-lb. While a value of 32 to 35 
‘Ib. shows a considerable drop from the initial value as heat treated, the 
‘eel still shows considerable, and for most purposes ample, toughness. 


'H. C. Cross and J. G. Lowther, Transactions, Am. Soc. Mechanical Engrs., Vol. 59, No. 5, p. 441, 
595, July (1937). 
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If this reduction in impact resistance continued to progress at this 
rate, it would be practically lost at 30,000 hr. 

Comparison of the structure of specimens Nos. B12-4 and B12-1 give 
no hint of the further reduction of the impact resistance of specimen No, 
B12-1. In fact, agglomeration of the carbides in specimen No. B12-| 
suggested before the tests that a a similar or even wagner i impact resistance 
might be expected. 


Conclusions: 

The long-time creep tests on the 18 per cent chromium, 8 per cent 
nickel steel at 8345 lb. per sq. in. at 1200 F. showed increasing rates of creep, 
thereby increasing the difference between the actual deformations measured 
and the values obtained by extrapolation from the 2000-hr. test period. 

The long-time creep tests on the 0.35 per cent carbon steel at 8000 and 
7500 lb. per sq. in. at 850 F. continue to indicate extrapolation from the 
2000-hr. period as conservative as compared with the actual deformation 
measured. 

The data further confirm the conclusion that for dependable extrapola- 
tions, knowledge of the strain-hardening characteristics of the materials 
is essential. 

Experiments on both the 18 per cent chromium, 8 per cent nickel steel 
and the 0.35 per cent carbon steel on unloading, holding at temperature 
with zero load, reloading, and again unloading indicate that practically all 
of the deformation subsequent to that measured upon application of the 
load at the start of the test is permanent and not recoverable. - 


Respectfully submitted on behalf of the committee, 


Howarp C. Cross, 
J. G. LowTHER. 
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DISCREPANCIES IN THE LOAD-CARRYING ABILITIES OF CARBON 
STEELS AT 850 F. 


By H. W. 


Notwithstanding the urge for the use of higher temperatures and the develop- ate 
ment of alloy steels to serve at higher temperatures, plain carbon steel, for the sake 
feconomy, is used in steam plants, turbines, oil stills and in similar applications for 
igh-temperature service within its capabilities. Since 850 F. seems, in many types 
f service, to be within the proper temperature range for use of carbon steel, that 
temperature is of particular importance, hence most studies of carbon steel for high- 
temperature service either include this temperature or bracket it. 

Designers have set up figures for acceptable working stresses at such tempera- 
res. Tapsell? cites the proposals of Jacobus, Jasper, Hatfield, and himself for medium 
rbon steel at 450 C. (842 F.) as ranging from 7000 to 9000 lb. per sq. in. Dixon? 
ites an oil refiner whose design allows 7000 Ib. per sq. in at 850 F. for 0.20 to 0.30 

yer cent carbon steel. 

Such working stresses are based on the creep characteristics, after allowing a 
table margin of safety. A turbine builder will adopt a lower working stress than 

ilrefiner. Allen* places 6000 lb. per sq. in. at 800 F. as the limit for turbine cylin- 
ts of 0.28 to 0.37 per cent carbon-steel castings. 

There are carbon steels whose creep properties obviously allow an ample factor 

ifety under such design stresses. ‘There are others which do not. To simplify 

ideration, the present discussion will be confined to the behavior of normalized 

annealed steels at 850 F. Rimming or semikilled steel is recognized as having 

much poorer creep properties than killed steel, as Kinzel® stated, and as White and 
showed. 

White and Clark cited a steel of 0.18 per cent carbon, 0.49 per cent manganese, 
and 0.01 per cent silicon, which showed a load of 10,000 lb. per sq. in. for 1.0 per 

nt final creep rate in 1000 hr. at 850 F., while an 0.41 per cent carbon, 0.92 per cent 
nganese, and 0.21 per cent silicon killed steel gave 16,750 lb. per sq. in. 

Jenkins, Tapsell, Mellor and Johnson’ cite a normalized rimmed steel of 0.16 
per cent carbon, 0.46 per cent manganese, 0.006 per cent silicon, made in a basic 
pen-hearth furnace, which, loaded at 17,900 Ib. per sq. in. (8 tons per sq. in.) stretched 

Metallurgist, Battelle Memorial Inst., Columbus, Ohio. 

*H. J. Tapsell, ‘Creep of Metals,” Oxford University Press, London (1931). 

'E. S. Dixon, ‘‘Needs of the Oil Industry for Metals at High Temperatures,” Symposium on Effect of 

perature on the Properties of Metals, published by the American Society for Testing Materials and The 

rican Society of Mechanical Engineers, p. 66 (1931). Symposium available as separate publication. 

‘RC, Allen, “Steam Turbine Materials for High Temperatures,” Symposium on Effect of Temperature 

te Properties of Metals, published by the American iety for Testing Materials and The American 

5 Oe Mechanical Engineers, p. 30 (1931). Symposium available as separate publication. 

‘Viscussion by A. B. Kinzel of paper by A. P. Spooner and F. B. Foley, “High-Temperature Creep 

erties of Wrought Carbon and Low-Alloy Steels,” Symposium on Effect of Temperature on the Properties 

‘etals, Pp. 389, published by the American Society for Testing Materials and The American Society of 

hanical Engineers (1931). _ Symposium available as separate publication. 

Bh ussion by A. E. White and C. L. Clark, of paper by A. P. 5 weed and F. B. Foley, ‘‘ High-Tem- 
ture Creep Properties of Wrought Carbon and Low-Alloy Steels,” Symposium on Effect of Temperature 

. Properties of Metals, p. 386, published by the American Society for Testing Materials and The American 

ety of Mechanical Engineers (1931). % sium available as separate publication. 

C. H. M. Jenkins, H. J. Tapsell, G. A. Mellor, and A. E. Johnson, “Some Aspects of the Behavior of 


on and Molybdenum Steels at High Temperatures,” Preprint for the Third World Power Conference held 
ashington, D. C., September 7 to 12, 1936. 
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7 per cent in 480 hr. at 842 F., while another normalized steel of 0.15 per cent carbon, 
0.76 per cent manganese, 0. 28 per cent silicon made in an acid open-hearth furnace 
under the same conditions stretched but 0.17 per cent, that is, only z}5 as much, 
At the end of the 480 hr. the rimmed steel was continuing to stretch 134 times 
as fast. 

Such data give ample reason for specifying killed steels for high-temperatur, 
service. However, killed steels, too, may vary. 

Clark and White! give the following comparison for steels annealed at 1550 F:: 


may be 
out the 


ing res 


Stress for Final Creep Rate 
/ of 0.10 per cent in 100 

McQuaid- hr., lb. per sq. in. 
Carbon, Silicon, Ebn 


per cent per cent Grain Size 


800 F. | 900 F. | 100 


Steel A, open hearth 0.15 y 0.28 5 to 6 
Steel B, electric furnace 0.15 j 0.23 4to5 26 800 | 16900 | 5750 


E. L. Robinson has studied the available data for Clark and White’s steel B, 
for an annealed basic open-hearth steel of 0.18 per cent carbon, 0.51 per cent manga- 
nese, and 0.09 per cent silicon reported on by Babcock and Wilcox,? and for an annealed 
basic open-hearth steel (K20) cooperatively tested by the Joint Committee, which 
contains 0.35 per cent carbon, 0.55 per cent manganese, and 0.19 per cent silicon. 
Interpolating for the first two steels he concludes that for a final creep rate of 0.1 per 
cent in 1000 hr. at 850 F. the steels compare as follows: 


McQuaip-EHN CREEP Loap, 
GRAIN SIZE LB. PER SQ. IN. 


..Electric arc 23 500 
Basic open hearth 14 500 
Basic open hearth 7 500 


Cross and Dahle? studied two forged steels LF and F, with the following results: 


Total Deformation in 
Carbon, | Manganese, Silicon, Aluminum | McQuaid- 1300 hr. Final Rate 
per cent per cent per cent Used, Ehn (Load 12,000 Ib. ¥ of Creep, 
Ib. per ton | Grain Size | sq. in. at 850 F.) per cent 

per cent per br. 


0.27 0.63 0.18 0.45 2 to 4 (coarse) 0.155 0.00002 
0.37 0.61 0.24 0.80 6 to 8 (fine) 0.50 0.00020 


The room temperature and the short-time tensile and yield strengths at 850 F. 
of steel LF were slightly below those of steel F, yet at the end, steel LF was stretching 
but 745 as much as steel F. Both steels were poured into the same size ingots and 
both were tested in the normalized condition. 

White and Clark! comment that electric-arc melted steel appears more creep 

-_Fesistant than basic open-hearth steel in their tests, also that induction-melted steel 


1C. L. Clark and A. E. White, ‘The Properties of Metals at Elevated Temperatures,” Engineering Re 
search Bulletin, No. 27, March, 1936. ical 
t of Properties, Carbon and Alloy Steels for Cracking Still Tubes, 1935 Revision of Tetans 
Ballin om 6a, Babcock - Wilcox Tube Co.; see also Metals and Alloys, Vol. 7, No. 3, March, 1936, P 
C. Cross and F. B. Dahle, “Hi h-Temperature Properties of Cast and Wrought Carbon SS from 
Large Valves for |High Temperature ice,” Transactions, Am. Soc. of Mechanical Engrs., February 
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may be more resistant than arc-melted steel, qualifying these statements by pointing 
out that melting practice may differ even with the use of the same melting medium. 
They also comment that ingot size and degree of reduction in hot working may be 
important variables. 

Jenkins, Tapsell, Mellor and Johnson! studied two series of steels, a low-carbon 
gties normalized from 1740 F., a medium-carbon series from 1650 F., with the follow- 
ing results. All were loaded at 17,900 Ib. per sq. in. at 842 F. for 480 hr. 


Man- s Total Creep,| Final Creep 
ganese, | Silicon, Process Deoxidation with t Rate, 
per cent | per cent in. per in. per 
r. X 10-6 


Basic electric furnace | 0.14 lb. Al per ton 
Acid open hearth SiMn, FeMn, 0.42 Ib. 
Al per ton 

Acid open hearth FeSi, SiMn, FeMn 
Basic electricfurnace | FeMn, 0.44 lb. Al per 
ton 

Acid open hearth FeSi, FeMn 

Not known Not known 

Acid open hearth FeSi, FeMn 

Acid open hearth FeSi, FeMn, FeTi 
Acid open FeMn 

Basic electric furnace | FeTi 

Acid open hearth FeSi, FeMn 

Basic electric furnace | 0.14 lb. Al per ton 
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* Forged steel. 


The McQuaid-Ehn carburizing test was made, without showing abnormality in 
ny of the steels. McQuaid- Ehn grain size is not specifically indicated,. but it is 
ited that no differences in grain size were noted in the normalized steels. Nor did 
axygen content give any clue. 
Unless the low silicon content gives an indication as to steel E, there is nothing 
in the record to explain its poor creep resistance, and in the case of steel B nothing 
tever is at hand to explain its behavior. 
Steel B does show that the qualifying comment made by White and Clark! should 
ipplied to their observation on electric versus open-hearth steels, since steel B, 
tric melted, was the worst of the lot except the open-hearth steel previously 
elerred to and not included in the foregoing table. 
The most interesting fact brought out by Jenkins and co-workers is that when — 
ted in the cast condition, before rolling, and annealed at 1560 F. instead of normal- 
ed, steels A and B maintained their relative position, as shown in the following 


RATE OF CREEP 
AT 480 HR. 
. (Load of 17,900 Ib. per 
SARBON, 


sq. in. at 842 F.), in. 
PER CENT CONDITION HEAT TREATMENT per in. perhr. X 10-4 


0.13 Cast 


0.13 Rolled 
0.40 Cast 
0.40 Rolled 


In either state, steel B shows 11 to 14 times the rate of creep of steel A. 

It has been suggested by P. E. McKinney that by a suitable grain-coarsening 
iment the K20 steel of No. 8 grain size, mentioned above, might be put in a 
‘et Condition to resist creep. This K20 steel was made and treated with the sole 
tof obtaining uniformity, rather than creep resistance. 
‘ee, cit, 
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Jenkins and co-workers coarsened several normalized steels by annealing 6 fy. 
at 2010 F. and furnace cooling. The total strain in inches per inch after 480 hr, at 
their usual test conditions of 17,900 lb. per sq. in. and 842 F. was as follows: 


TOTAL STRAIN AFTER 480 Hr. 
(Load of 17,900 Ib. per sq. in. at 842 F.), in. per in, 
NORMALIZED COARSENED 


0.0045 


0.0125 
0.0045 0.0035 
. 00: 0.004 


0.006 


Steel B of low creep resistance was improved by coarsening the grain, but steel E, 
_ the other killed steel of low creep resistance, was not. 

It is extremely disconcerting to the user of steel at high temperatures to know 
_ that killed steel may vary as widely from the optimum in creep resistance as do steel 

K20 of the Joint Committee and steels E and B of Jenkins and co-workers. He can- 
not find full solace in specifying electric-melted killed steel in the face of Jenkins’ 
_ electric steel B. He cannot adopt some particular grain coarsening treatment with 
full assurance, since what helped steel B did not help steel E. 
: His only recourse at the moment is to subject to creep test, in the condition of 
4 heat treatment in which he expects to use it, each heat of steel and possibly each part 
of the heat that has been cast in different sized ingots or received different amounts 
_ of working, since the difference, as was shown by Cross and Dahle! is not necessarily 
_ brought out by short-time high-temperature tension tests. 
One can no longer pass off these discrepancies in behavior of different lots of 
steel on the assumption that the steels are really alike and the differences are due to 
- careless laboratory technique in creep testing. The cooperative work on creep testing 
of steel K20, reported to the committee but not yet published, is sufficient to show 
that any laboratory that conducts its creep tests strictly in accordance with the 
procedure described in the Tentative Method of Test for Long-Time (Creep) High- 
Temperature Tension Tests of Metallic Materials (A.S.T.M. Designation: E 22- 
35 T) of the American Society for Testing Materiais? will differentiate sharply between 
the creep-resistant and the non-creep-resistant steels under discussion. There are 
differences in steels that are huge from the point of view of load-carrying ability at 
high temperatures. 
The method of melting, the McQuaid-Ehn grain size, and grain-coarsening 
treatments all seem to bear some relation to high-temperature performance. The 
behavior of rimmed steel as compared with fully killed steel and the carry-over 0! 
creep resistance or its lack in both the cast and the rolled condition, also point to the 
grain-coarsening properties of the steel and to the melting and deoxidation practice 
which controls them, as worthy of attention in connection with the problem of produc- 
_ tion of creep-resistant steels. 

While greater refinement in methods of creep testing and more knowledge of the 
effect of multidimensional stress and the like in high-temperature problems at 
Q needed, attention should not be confined to such matters to the neglect of the steel- 
_ making variables that produce a ten-fold variation in creep behavior of killed steels 
and a hundred-fold variation between killed and rimmed steels. 


1 Loc. cit. Teo 
3 Proceedings, Am. Boe. Testing Mats., Vol. 35, Part I, p. 1291 (1935); also 1936 Book of A.S.T.M. 
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6 hr, a has long been recognized, but very mildly stated. Tapsell,' for example, 
hr. at i“A steel of a particular carbon content made by one process may be expected ; 
to di ‘differ to some extent from a steel made by another process.” Now that evidence ie 
piling up from all sides that steels may differ to a huge extent, it behooves makers 
n | users of steel for creep-resistant service to tackle the problem so that the steel 


ysis, and having the same short-time high-temperature tension properties, but 
of consistent creep properties, and so that the user may be able to count upon 
t consistency. 
Since the statement of a problem is a necessary step toward its solution, the 
t Committee makes this presentation. It is also undertaking preliminary experi- 


eel E, f the problem. 


1 Loc. cit. 
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DISCUSSION 


Mr. H. J. Goucu.'—With regard to Mr. Gillett’s paper I should like to offer a few 
remarks on the tests made at the National Physical Laboratory quoted by him and to 
call attention to certain abnormalities which were encountered. In the first place, | 
can strongly support Mr. Gillett’s opinion that these differences cannot be ascribed ty 
changes or errors in the testing technique employed; all tests were made under identical 
and very carefully controlled conditions. ‘The abnormalities encountered in certain 
steels and the differences in behavior between similar batches of one steel have given 
great concern to the members of the committee which controls the researches referred 
to. One case was particularly unsatisfactory. Special precautions were taken to 
obtain a uniform and representative batch of steel for research purposes. Its manu- 
facture was carefully controlled and recorded through every stage. Later on, the 
supply ran out and it was decided to obtain a further supply of exactly the same 
material. Every stage of the manufacture was, therefore, repeated exactly, the fullest 
cooperation in our desired object being obtained from the maker. The two steels 
proved to be indistinguishable with regard to chemical composition, microstructure 
and the ordinary mechanical tests conducted at air temperature. Yet the creep 
behavior differed very widely, that of one being of a different order to that of the other. 
Every attempt has since been made to trace down the responsible factor but without 


success and the matter remains a puzzling and serious mystery. The unsuspected use 
of such an abnormal steel for certain construction, such as turbines, say, might bea 
serious matter. In an endeavor to guard against this possibility, attention is being 
given to the possibilities of the use of a relatively quick method of creep test lasting, 
at the most, a few days. We are quite convinced that such a test cannot predict the 
creep rate after a really long service history, but it might give sufficient indication of 
the presence of an abnormal batch of material. 


41 Superintendent, Engineering Dept., National ie meena Teddington, Middlesex, England. 


| 
COP. 
Conc 
4,19 
Mini 
| appo 
tive 
three 
to th 
as C 
55 p 
in th 
allo 
4 shou 
that 
. wise 
ware 
wire 
= a 
2 is | 
Mat 


REPORT OF COMMITTEE B-1 
ON 


COPPER AND COPPER ALLOY WIRES FOR ELECTRICAL 
CONDUCTORS 


Committee B-1 on Copper and Copper Alloy Wires for Electrical 
Conductors held one meeting during the year, in Chicago, Ill., on March 
4, 1937. 

Only one change has been made in the committee personnel. Mr. J. L. 
Minick of the Pennsylvania Railroad, Electrical Department, has been 
appointed to the committee to serve with Mr. J. A. Jones as a representa- 
tive of the Association of American Railroads. 

The Standard Specifications for Bronze Trolley Wire (B 9 — 36) include 
three classes of wire of varying strengths and conductivity. It has come 
to the committee’s attention that a large percentage of wire being purchased 
as Class A wire under these specifications is actually being furnished with 
55 per cent conductivity instead of 40 per cent conductivity, as called for 
in the specifications. This 55 per cent conductivity wire meets or excceds 
all other requirements of Class A wire. The committee feels that no change 
should be made in Standard Specifications B 9 at the present time, but 
that this report should record the fact that higher conductivity wire, other- 
wise similar, meeting the requirements of Class A wire under these specifi- 
cations, is available and may be obtained from manufacturers. 

There has been a request from the manufacturers of trolley wire hard- 
ware that the committee prepare standard specifications for figure 8 trolley 
wire. However, Committee B-1 feels that it is unable at the present time 
to prepare specifications for these materials due to a lack ‘of consumer 
epresentation on the committee so far as users of figure 8 trolley wire are 
concerned. The committee feels, however, that it can be of service in 
crystallizing manufacturing practice so far as the dimensions and details 
of the shapes of figure 8 trolley wire sections are concerned, and recommends 
to the manufacturers that they consider standardizing on the shapes shown 
in the accompanying Fig. 1, these shapes being practically the same, with 
the addition of dimensional tolerances, as those given in the Standard 
Specifications for Hard-Drawn Copper Wire as published in 1912.1 This 
's being referred to the appropriate section of the National Electrical 


' Proceedings, Am. Soc. Testing Mats., Vol. XII, p. 271 (1912). 
(193) 
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Both the Standard Specifications for Bronze Trolley Wire (B 9 - 36) 
and the Standard Specifications for Copper Trolley Wire (B 47 — 36) include 
grooved trolley wire sections as large as 350,000 cir. mils. Discussion with 
consumers’ representatives brings out the fact that there will in all prob- 
ability be an increasing demand for a 400,000 cir. mils grooved trolley wire 
to supplement the sizes called for in these specifications. The attention 
of the committee has also been called to the fact that there is a small 
demand for the so-called figure 9 deep-section grooved trolley wire which 


0526" 

0.005 | 


= O175" 


Dimensions to be used by the Die Maker 


350,000 214600 168/00 133,200 105600 
cir tals sec. cit mils sec. cir mils sec cir mils sec Cir mils Sec 
0.300" 0.300” 0240" 0.21/10" 
4 0.090" 

0.050" 

0.110" 

= 0.060" 
A?'B’&'D' Dimension 
Jolerance + 0.0/6" 
C"@ E”’ Dimension 
tolerance +0008" 


Fic. 1.—Figure 8 Trolley Wire Sections. 


has groove and top lobe dimensions identical with the grooved sections 
covered by the Standard Specifications B 9 and B 47, but the bottom lobe 
of which is of quite different shape, being narrower and deeper in proportion. 
Discussion with interested groups of the National Electrical Manufacturers 
Association has brought out the fact that the figure 9 deep-section wire 
is particularly adapted for use in mines where trolley wheels are usually 
used, while the 400,000 cir. mils grooved trolley wire, which would supple- 
ment the sizes shown in Fig. 1 of Standard Specifications B 9 and B 47, 
would generally be used with sliding contacts. __ ; 
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It is the committee’s recommendation that the manufacturers consider 
andardizing on the shape shown in the accompanying Fig. 2 for the figure 9 
leep-section grooved trolley wire of 400,000 cir. mils. 

Also, it is recommended that the manufacturers consider standardizing 
on a 400,000 cir. mils section applying to Standard Specifications B 9 and 
8 47, if and when the demand therefor appears, in which the upper lobe, 
the groove, and the lower lobe width shall have dimensions identical with 
the 350,000 cir. mils sections of Fig. 1 of these specifications,' increasing the 

pth of the lower lobe sufficiently to produce an over-all area of 400,000 


4 0376" 10007 


0.745" 


+0.0/0 


-0.020 
Nominal Area, cir. mils 
Actual Area, Sq. in. 


3/20 
Calculated Weight Ib per 1000 .../200 


Dimensions to be used 
by the Die Maker 


0.232" 
0.203" 
0.310" 
0.700" 
:..0.080" 
0.015" 
0.015" 


Fic. 2.—Figure 9 Deep-Section Grooved Trolley Wire of 400,000 Cir. Mils. 


ir.mils. This it is felt will facilitate interchangeability so far as hangers 
and other hardware adaptation are concerned. ‘This will be taken up with 


the Joint Committee on Trolley Wire Specifications. 


RECOMMENDATIONS AFFECTING STANDARDS 


|. Proposed Revision of Tentative Standard: 

Tentative Specifications for Hard-Drawn Copper Alloy Wires for Elec- 
incal Conductors (B 105 — 36 T).2—Certain comments have been submitted 
n these tentative specifications which indicate that misunderstanding and 
- fusion may occur relative to joints in this wire. In submitting these 


1936 Book of A.S.T.M. Standards, Part I, pp. 649, 644 
* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, D. 760 ssa: also 1936 Book of A.S.T.M. Ten-. 
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_ specifications last year, it was the committee’s intention that no undrawn 
joints would be allowed, and also that methods other than brazing would be 
acceptable in making these joints. In order to obviate possible misunder. 
standings, the committee recommends that these tentative specifications 
be revised as indicated below, and continued as tentative for another year: 


New Section.—Add a new Section 6 to read as follows, renumbering the 
subsequent sections accordingly: 

6. Joints—Welds and brazes may only be made in rods or in wires prior to 
final drawing. 

Section 6.—Change Paragraph (c) of the present Section 6 to read as 
follows by the addition of the italicized words and the omission of those 
in brackets: 

(c) Tests upon a section of wire containing ‘a drawn [braze] joint shall show at 
least 95 per cent of the tensile strength of the [unbrazed] unjointed wire. Elongation 
tests are not to be made upon test sections including [brazes] joints. 

Section 10.—Omit Paragraph (b) of the present Section 10 which reads 
as follows: 


(b) Necessary brazes in hard-drawn wire shall be made in accordance with the best 
commercial practice. 


I I. Proposed Revisions of Standards: 


Standard Specifications for Bronze Trolley Wire (B 9 - _ 36)! and Standard 
Specifications for Copper Trolley Wire (B 47 — 36).2—Figure 1 of these stand- 
ard specifications shows grooved trolley wire sections which are identical in 
dimensions as applying to both of these specifications. Experience in manv- 
facturing these sections has shown that the tolerances indicated for the 
width of the bottom lobes of these sections may not practically be met, 
and the committee recommends that these tolerances be changed as follows, 
the dimensions in Fig. 1 being changed to correspond: 


Wire Size PRESENT VALUE REVISED VALUE 

133,200 (00) (0.007 +0.006 
—0.012 

168,100 (000) +=0.008 +0.006 
—0.012 

211,600 (0000) +0.009 +0.006 
—0.012 

300,000 +=0.011 +0.010 
—0.020 4 

350,000 +=0.012 +0.010 ‘ 
—0.020 


In view of the fact that these changes are merely a confirmation of 
present manufacturing practice, the committee recommends that Fig. ! 
of these specifications be corrected immediately in accordance with these 


11936 Book of A.S.T.M. Standards, Part I, p. 649. 
2 Ibid., p. 644. 
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recommendations. It accordingly asks for the necessary nine-tenths vote 
at the annual meeting in order that these modifications may be referred to 
letter ballot of the Society for immediate adoption. 


lII. Tentative Standard Continued as Tentative: 


Tentative Specifications for Hard-Drawn Copper Transmission Cable 
(B 87-32 T).—For several years the matter of revision of these specifica- 
tions has been under consideration by Subcommittee I on Electric Trans- 
mission Wire and Cable Specifications (G. E. Dean, chairman). While 
some matters under discussion, such as the claimed advantage of a soft 
core in a hard-drawn cable, have been settled, there still exists a very 
decided divergence of opinion as to the desirability of the methods of inspect- 
ing and testing for tensile strength and elongation at present included in 
these tentative specifications. Also, it is reported that relatively small 
quantities of cable manufactured in accordance with these specifications 
have been purchased. The committee, therefore, recommends that the 
status of these tentative specifications be not changed at the present time, 
and that they be retained for another year in their present : form So that 
additional experience may be accumulated. 


The recommendations appearing in this report have been submitted 
toletter ballot of the committee, which consists of 26 members; 25 members 
returned their ballots, the results being as follows: 


I. Proposep Revision or TENTATIVE STANDARD 
ycifications for Hard-Drawn Copper Alloy Wires for Electrical (B 105 - 36 T) 


II. Proposep Revisions or STANDARDS 
Specifications for Bronze Trolley Wire (B 9 - 36), immediate adoption 
for Copper Trolley Wire (B 47 — 36), immediate adoption 


This report has been submitted to letter ballot of the committee which 
consists of 26 members; 24 members returned their ballots, all of whom 


have voted affirmatively. 


J. A. Capp, 


Chairman. 


Respectfully submitted on behalf of the committee, 


H. Foote, 
Secretary. 
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Committee B-2 on Non-Ferrous Metals and Alloys, since the presenta- 
tion to the Society of its report at the annual meeting in 1936, has held one 
meeting, in New York City on April 6, 1937. taini 

It is with regret that the committee records the death on December 16, cati 
1936, of Dr. William Campbell. Doctor Campbell served as chairman of hear 
Committee B-2 for 25 years, since its organization in 1909, and in 1934 
he was elected to the office of honorary chairman. In Doctor Campbell’s 
death the committee has lost a faithful member, one who rendered meri- 
torious service to the committee and who constantly had its welfare at 
heart. Though his many friends and associates will sorely miss his presence, 
his efforts in the general advancement of technical knowledge in the field 
of metallurgy will be a continual source of inspiration. An engrossed 
memorial has been prepared, signed by the members of the Advisory Com- 
mittee and forwarded to his bereaved mother. 

At the present time the committee membership totals 100, of whom 47 
are classified as producers, 33 as consumers, and 20 as general interest 
members. 

A special committee under the chairmanship of Mr. T. A. Wright has 
completed the preparation of Regulations Governing Committee B-2 which 
will supplement the general Society regulations for standing committees. 

After being approved, with minor corrections, by the Advisory Committee, 
these committee regulations were submitted to the letter ballot of the com- 
mittee; 67 members returned their ballots, all of whom have voted affirma- 


tively. + 
ACTIVITIES OF SUBCOMM!TTEES 


Subcommittee I on Refined Copper (H. C. Jennison, chairman) has con- 
sidered the desirability of preparing specifications for cathode copper, but 
it appears that at the present time it is unnecessary and unadvisable to 

_ proceed on this subject. 


Subcommittee II on Refined Lead, Tin, Antimony, and Bismuth (T. A. 
Wright, chairman) has held three meetings, and has appointed three groups 
as follows: (a) For the study of copper-bearing lead for the manufacture of 
sheath for electrical cables; (b) To collect information on refined tin, the 
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forms in which it is available, its properties, and, in conjunction with Com- 
mittee E-3, methods of sampling and analysis; and (c) A similar survey of 
refined antimony. 

Subcommittee III on White Metal Alloys (G. H. Clamer, chairman) held 
one meeting during the year at which the Standard Specifications for White 
Metal Bearing Alloys (Known Commercially as ‘‘ Babbitt Metal’’) (B 23 - 
26) were critically examined, and the specifications were approved in their 
present form. A canvass was made as to the desirability of formulating 
specifications for type metal, but unfortunately, there is a lack of interest in 
this subject on the part of the consumers. This subcommittee plans to give 
onsideration to specifications for nickel brasses for casting purposes, con- 
taining up to 30 or 35 per cent nickel, and to reconsider the babbitt specifi- 
cations in the light of quite recent changes in the manufacture and use of 
bearings. 

Subcommittee IV on Refined Zinc and Wrought Zinc (E. H. Bunce, 
chairman) has completed an extensive revision of the Standard Speci- 
fications for Rolled Zinc (B 69 — 29) which is being presented for publica- 
tion as tentative. In its consideration of these revised specifications the 
subcommittee has appointed a Special Research Committee, under the 
chairmanship of Mr. J. R. Townsend, on Methods of Testing Rolled Zinc. 
The Special Committee held its first meeting in Chicago in March during 
the spring group meetings of A.S.T.M. committees, at which time a co- 
operative program of work was planned. 

Subcommittee V on Precious Metals and Alloys (R. H. Leach, chairman) 
held one meeting at which the Standard Specifications for Silver Solders 
‘B73 — 29) were critically reviewed and approved without amendment. 

Subcommittee VI on Coated Metals (W. G. Schneider, chairman) has 
appointed a group to investigate the properties and need of specifications for 
copper wire coated with lead-tin alloy, a product used throughout the 

lectrical industry. 

Subcommittee VII on Refined-Nickel and High-Nickel Alloys, Cast and 
Wrought (C. E. Margerum, chairman) at its organization meeting appointed 
‘group which has drafted proposed specifications for monel metal in sheet 
orm, suitable for unfired pressure vessels, and this is now under considera- 
tion by the entire subcommittee. Another group is studying nickel and the 
igh-nickel alloys in rods, bars, and sheets for general engineering con- 
struction. 

Subcommittee VIII on Miscellaneous Refined Metals and Alloys (E. E. 
schumacher, chairman) has held two meetings during the year. A group is 
igaged in a critical examination of the specifications under the jurisdiction 
i the subcommittee, all of which are nearly ten years old, and revisions in 
‘ach are under discussion. a 
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RECOMMENDATIONS AFFECTING STANDARDS 


I. Proposed Revision of Standard.—In view of the fact that the Stand. 
ard Specifications for Rolled Zinc (B 69 — 29)! have not proved very useful 
and do not conform to present trade practice, the committee recommends 
that they be revised as proposed by Subcommittee IV on Refined Zin 
and Wrought Zinc (E. H. Bunce, chairman). The proposed revision is in 
the form of new tentative specifications, as appended hereto,’ which are C 
intended to replace, when adopted, the present Standard Specifications ( 
B 69-29. 
II. Adoption of Tentative Revision of Standard as Standard.—The con- S 
mittee recommends that the tentative revision* proposed in 1935 in the erater 
Standard Specifications for Slab Zinc (Spelter) (B 6 — 33)* be approved for labor 
reference to letter ballot of the Society for adoption as standard. This It is 
revision will make provision for zinc of extreme purity designated as (1a opini 
Special High Grade, and will bring the specifications into conformity with prese 
present-day practice. Regic 
These recommendations have been submitted to letter ballot of the soon 
committee which consists of 100 members; 65 members returned their 
ballots, the results being as follows: 


Items 


Pro va REVISION OF STANDARD 
Specifications for Rolled Zine (‘B 69 — 29) 


II. Apoprion or Tentative Revision oF STANDARD AS STANDARD 
Specifications for Slab Zine (Spelter) (B 6 - 33) 


This report has been submitted to letter ballot of the committee which 
consists of 100 members; 65 members returned their ballots, of whom 63 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


R. F. MEHL, 
Chairman. 
E. E. Tuum 


— wo of A.S.T.M. Standards, Part I, p. 705. 
e p. 69 
; * Proceedings, ~_ See. Testing Mats., Vol. 36, Part I, p. 1196 (1936); also” 1936 Bo Book of A. S.T.M. Ten- 
tative Standards, p. 
4 1936 Book of A $ t. M. Standards, Part I, p. 714. 
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« 
ON 
CORROSION OF NON-FERROUS METALS AND ALLOYS f 


Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys held 
one meeting during the past year, in Atlantic City, N. J., on June 30, 1936. 

Subcommittees charged with the responsibility of conducting accel- 
erated laboratory tests and the preparation of specifications covering 
laboratory test methods have been relatively inactive during the year. 
It is hoped, however, that the improvement in industry, and ideas and 
opinions which are bound to be forthcoming from a discussion of the papers 
presented at the Symposium on Corrosion Testing Procedure, held at the 
Regional Meeting of the Society on March 2, 1937, in Chicago, IIl., will 
son make it possible for those groups to resume active laboratory work. — 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Spray Test (E. H. Dix, Jr., chairman).—This 
subcommittee has carried on its work during the year by correspondence. 
The principal subjects under discussion have been the effects of temperature 
on the results of salt spray tests and the proposal to establish a standard 
method for salt spray testing. Pending the holding of the Symposium on 

| Corrosion Testing Procedure, the subcommittee felt that nothing very 
definite could be accomplished on either subject. A paper on “Salt Spray 
Testing,” by E. H. Dix, Jr., and J. J. Bowman, was presented as a part of 
this symposium and it is hoped that this paper and the resulting discussion 
will permit the writing in the near future of a recommended method for 
alt spray testing. 

Subcommittee VI on Atmospheric Corrosion (W. H. Finkeldey, chair- 
man).—This subcommittee has submitted to its members a letter ballot 
on whether the next series of tests of the specimens exposed in the at- 
nospheric corrosion tests on non-ferrous metals and alloys should be made 
in 1937, 1939, or 1940. The results showed that a large majority of the 
subcommittee members favored making these tests in 1937. In accordance 
with this decision, tension specimens will be removed from the test racks 

tall locations and distributed to the respective suppliers of the materials 
‘testing. Plate specimens will also be removed at the same time and 
warded to the National Bureau of Standards for determinations of the 
nanges in weight and for inspection. ‘The removal of specimens will be 
‘lated the latter part of July, 1937. It is hoped that the tension tests 
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will be completed and the changes in weight determined before the firs 
of September, so that in accordance with the usual custom, a meeting of 
the subcommittee can be held in Washington, D. C., the latter part of 
September to consider the test data and inspect the plate specimens. 

Attention is called to a correction that should be noted in the 1935 
report of Subcommittee VI. In the last paragraph under ‘‘ Tension Tests, 
that part of the paragraph explaining the use of the symbols X and s in 
Table II should be deleted, since changes made in this table after the re- 
port was in preprint form made the use of these symbols unnecessary. 
The paragraph in question, which appears at the top of page 147 of the 
1935 Proceedings, Part I, should be changed to read as follows by the 
omission of the words in brackets: 


REPORT OF COMMITTEE B-3 


In lieu of such written comment, Table II has been prepared in which the amount 
of corrosion shown by the materials is classified as ‘‘negligible”’ (left blank in the tables) 
if the differences between the ‘‘ percentage change” figures and their respective“ maxi- 
mum percentage difference due to chance” values are less than 1 per cent [and classified 
as “‘small” (indicated by s) if the differences are from 1 to 3 per cent and as “signifi- 
cant” (indicated by X) if the differences are 3 per cent or greater]. 

Subcommittee VIII on Galvanic and Electrolytic Corrosion (C. L. Hippen- 
steel, chairman).—-This subcommittee plans during the coming year to 
start the stainless steel — non-ferrous metal couple tests, and also the salt- 
water immersion couple tests. 


. This report has been submitted to letter ballot of the committee which 
consists of 52 members; 44 members returned their ballots, of whom 42 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, _ 


- Chairman. 


Sam Tour, 


Secretary. 
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REPORT OF COMMITTEE B-4 
ON 


ELECTRICAL-HEATING, ELECTRICAL-RESISTANCE AND 
ELECTRIC-FURNACE ALLOYS 


Committee B-4 on Electrical-Heating, Electrical-Resistance and Elec- 
iric-Furnace Alloys held two meetings during the year, in Cleveland, Ohio, 
on September 28 and 29, 1936, and in New York City, on February 18 and 
19, 1937, in addition to the meeting held during the annual meeting of 
the Society. 

The committee consists of 42 members, of whom 18 are classified as ~ "7 
producers, 18 as consumers and 6 as general interests. _ 


RECOMMENDATION AFFECTING STANDARD 


Proposed Revision of Tentative Standard._-The committee a 
that the Tentative Method of Test for Flexivity of Thermoflex (Thermo- 
static Metals) (B 106-36 T)! be revised as follows and continued as 
tentative: 

Section 2..-Change Paragraph (e) covering the definition of flexivity | 
irom its present form to read as follows: 

(e) Flexivity, F.—The flexivity, F, is the change of curvature of the = 


nal center line of the specimen per unit temperature change for unit thickness, 
s given by the formula: 


ence, referring to Fig. 1: 


8t D; 
F = 
T; =( Q? + 4Dit + 4D,2 


re 


= the radius of curvature, in inches, — > 
E = the thickness, in inches, 
= the deflection, in inches, as measured with reference to the plane including — 
the line AB and parallel to the knife edges (see Fig. 1), 
Q = the distance between knife edges, in inches, 
T = the temperature, in degrees Fahrenheit, 
T, = the change in temperature in degrees Fahrenheit, 
D, = D corresponding to To, and 
D, = D corresponding to T}. 
isedines, — Soc. Testing Mats., Vol. 36, Part I, p. 765 (1936); also 1936 Book of A.S.T.M. Tenta- 
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Equation (2) is an exact expression which takes into account initial curvaty 
If the specimen is accurately straight at To, then 1 in Eq. (1) is zero, Dy is zero, as 
q Ry 
Eq. (2) reduces to: 


7 


8t ( 7 
— To\ + + 4D? :) 
‘The recommendation appearing in this report has been submitted to 
letter ballot of the committee, which consists of 42 members; 31 member; 
returned their ballots, of whom 26 have voted affirmatively, none negatively, 
and 5 marked their ballots “not voting.” 


_Test Specimen 


Neutral 
Axis 


4 


Fic. 1—Test for Flexivity of Thermoflex. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Life Tests (J. W. Harsch, chairman) .-—In connection 
with the Standard Accelerated Life Test for Metallic Materials for Elec- 
trical Heating (B 76-36), the interlaboratory tests of the glass slide in 
the life test equipment for protection against temperature variations have 
nearly been completed. 

The high-temperature accelerated life test for electric-furnace resistor 
alloys is being given a trial in four laboratories with different methods of 
suspersion of the specimen. 

Subcommittee IT on Electrical Tests (H.L. Curtis, chairman) .—A method 
of test for temperature coefficient of manganin is in course of preparation, 

and further work is being done on the heat treatment of the specimen. 

Subcommittee IV on Mechanical Tests (P. H_ Brace, chairman).—The 
three types of bend testing machines in the Proposed Method for the 
Bend Testing of Wire,! which was published as information = the 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 162 (1936). a 
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report of the committee last year, are being studied together with a torsion 
test. Comparative tests have been made on three sizes of nickel wire with 
three conditions of cold work and three conditions of anneal. These 
samples were chosen to indicate the ability of the various types of equip 
ment to distinguish small differences in physical properties of the wire. 
The tests have been made and are being analyzed preparatory to formu- 
lating the method for publication as tentative. 


Subcommittee V on Wrought and Cast Alloys for High-Temperature Use 
(C. L. Clark, chairman).—This subcommittee has completed proposed 
appendices to the Tentative Methods of Test for Short-Time High-Temper- 
ature Tension Tests of Metallic Materials (E 21 — 34 T) and for Long-Time 
(Creep) High-Temperature Tension Tests of Metallic Materials (E 22 -— 
35 T) which cover the preparation of cast tension specimens of heat resistant 
metals (chromium-nickel, chromium-nickel-iron, and chromium-iron). They 
include specimens with shanks sufficiently long to remove threaded con- 
nections from the heated zone of the furnace, and describe a casting pro- 
cedure which has been found satisfactory for producing sound castings. 
The appendices have been submitted for approval to the Joint Research 
Committee on Effect of Temperature on the Properties of Metals. 

The equipment for the high-temperature bend test has been completed 
and tests are being made. 

A warpage test specimen in the form of an eccentric tube is being 
studied, with specimens of both cast and wrought materials, to determine 
the relative tendency of alloys to warp at elevated temperatures. The 
specimens are quenched in water or in oil to expedite the test. 


Subcommittee VII on Thermostatic Metals (P. H. Brace, chairman).— 
The Tentative Method of Test for Flexivity of Thermoflex (Thermostatic 
Metals) (B 106-36 T) is being studied to eliminate possible causes of 
variation and to determine the effect of width of specimen. The definition 

r flexivity is being modified, as indicated earlier in this report. 

Methods of evaluating stiffness, elastic strength and permissible range 

{ operating temperature also are being studied.. 


| Subcommittee VIII on Metallic Materials for Radio Tubes and Incan- 
escent Lamps (A. L. Chapman, chairman).—The Radio Manufacturers 
\ssociation has requested the Society to prepare methods of test for metallic 
materials used in radio tubes and this work, with the related work on metals 
in incandescent lamps, has been assigned to Committee B-4. A new sub- 
committee, composed of 20 members, has been organized with A. L. Chap- 
man as chairman and F. E. Bash as secretary. One meeting of the sub- 
committee has been held at which the proposed work was divided among 
the following five sections: on Strip, Wire, Tubing, Coated Material, 
and Powdered Materials and Liquids. 
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Effect of Controlled Atmospheres Upon Electric Furnace Resistors and 
Structures.—The electric furnace industry has had some difficulty due to 
the deterioration of resistors subjected to controlled atmospheres in electric 
furnaces. In response to their request, Committee B-4 is arranging for the 
organization of a new subcommittee to undertake the development of a 
suitable method of test to determine the durability of resistor alloys exposed 
to controlled atmospheres at high temperatures in electric furnaces. 


This report has been submitted to letter ballot of the committee 
which consists of 42 members; 31 members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


DEAN HARvEY, 
Chairman 
F. E. Basu, 
Secretary. 
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DISCUSSION 


THE CHAIRMAN (Mr. W. R. Webster').—Mention is made in the report 
i Committee B-4 of the effect of the circulation of atmosphere on resistor 
dements. In view of the extent to which circulated atmospheres in fur- 
naces are coming into use, has anything quantitatively been done on that, 
because the circulation is pretty vigorous in some of the furnaces now on 
the market? 

Mr. DEAN Harvey.?—What we are trying to do is to establish for 
ur own investigation one standard atmosphere, and a method of test to 
determine the corrosive effect of that atmosphere upon the resistor ele- 
ment, and make tests in different laboratories to see whether we can get 
sod checks. When we can get a good check between laboratories, we 
lesire to submit a standard method of test which can be used by any | 
ompany with any atmosphere which they desire to investigate. 

Mr. WeBsTER.-What I had in mind is this: There are two materials 
which in a perfectly stationary atmosphere have certain relations to each 
other—one better than the other. That might be reversed in the presence 
ofa vigorous circulation. I should think that was a very important matter 
lo investigate. 

Mr. Harvey.--Yes, it is, but we have not gone quite that far yet. _ 

Mr. WEBSTER.-—It is a very active committee. I congratulate you, sir. 

Mr. Harvey.—This work will require careful attention. We have 
imited the subcommittee to nine members, all of whom are connected with 
boratories which are in a position to work on this subject. 


Chairman of the Board, Brass Co., Conn. 


Materials Engineer, Central Material and Process 


Tals ngineering Dept., Westinghouse Electric and Manu- 
ing Co., East Pittsburgh, Pa. 
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REPORT OF COMMITTEE B-5 
ON 
COPPER AND COPPER ALLOYS, CAST AND WROUGHT 


Committee B-5 on Copper and Copper Alloys, Cast and Wrought, held 
two meetings during the year, at Atlantic City, N. J., on July 2, 1936, and 
at New York City, on April 6, 1937. 

Subsequent to its meeting last June, Committee B-5 presented to the 
Society, through Committee E-10 on Standards, revisions of the following 
four specifications: 


Tentative Specifications for: 


Copper-Silicon Alloy Plates and Sheets (B 96 - 36 T), 
_ Sheet Copper-Silicon Alloy (B 97 - 36 T), 
Copper-Silicon Alloy Rods, Bars and Shapes (B 98 - 36 T), and > 
Copper-Silicon Alloy Wire for General Purposes (B 99 - 36 T). 
The revisions recommended in these specifications were accepted! by 
Committee E-10 on August 26, 1936, and the specifications in their revised 
form appear in the 1936 Proceedings.? d 


RECOMMENDATIONS AFFECTING STANDARDS all 


I. Proposed Tentative Standard.—The committee recommends for pub- 
lication as tentative the proposed Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser Tubes and Ferrule Stock, appended 
hereto. These specifications were prepared by Subcommittee I on Wrought 
Metals and Alloys (R. A. Wilkins, chairman) for the purpose of combining 
in a single standard the detailed specification requirements for the various 
alloys manufactured in the form of seamless tubes for use in surface conden- 
sers, evaporators and heat exchangers, including admiralty metal, Muntz 
metal, and copper-nickel alloy. The existing standard and _ tentative 
specifications covering these alloys are, therefore, being recommended for 
withdrawal. 

| IT. Revision of Tentative Standard—The committee recommends that 

the Tentative Specifications for Copper-Silicon Alloy Wire for General 
Purposes (B 99-36 T)* be revised as indicated below and continued 4s 
tentative: 

1 In submitting these revised tentative specifications to Committee E-10 on Standards, 
ship of 64: Specifications B 96, aftemative 38: negation 12 B 

2 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 744, 751, 747 and 756 (1936); also 1936 Book of 


_ A.S.T.M. Tentative Standards, pp. 319, 326, 322 and 331. 
3 See p. 684. 


* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 756 (1936); also 1936 Book of AS.T.M. 
Tentative Standards, p. 331. 
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On CopPpER AND CopPpER ALLOYS 


Section 3.—In the table of chemical composition change the minimum 
copper content for Type B alloy from “97.00” per cent to read “95.00” 
per cent. 

In the list of specified elements add the following requirements for _ 
aluminum, to appear after the requirements for tin: 


B Type C Type D 
Aluminum, max., per cent 2.00 2.00 


III. Withdrawal of Standards and Tentative Standard.—It is recom- 
mended that the following three specifications, which are being replaced by 
the proposed Tentative Specifications for Copper and Copper-Alloy Seam- 
less Condenser Tubes and Ferrule Stock, as mentioned earlier in this report, 
be withdrawn: 
Standard Specifications for: 
Seamless Admiralty Condenser Tubes and Ferrule Stock (B 44 - 33), and 
Seamless Muntz Metal Condenser Tubes and Ferrule Stock (B 56-33). ; 


Tentative Specifications for Seamless Copper-Nickel Alloy Condenser Tubes and 
Ferrule Stock (B 104 - 36 T). 

The committee also recommends the withdrawal of the Standard 
Specifications for Seamless 70-30 Brass Condenser Tubes and Ferrule 
Stock (B 56-33) as the alloy covered by these specifications has outlived 
its usefulness. 

The recommendations appearing in this report have been submitted to 

tter ballot of the committee which consists of 66 members; 50 members 
returned their ballots, the results being as follows: 


Items 


I. Proposep TENTATIVE STaNDARD 
ecifications for Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule Stock 


II. Revision or Tentative StanpaRD 
cations for Copper-Silicon Alloy Wire for General Purposes (B 99 - 36 T) 


III. WriraprRawat oF STANDARDS AND TENTATIVE STANDARD 
ard Specifications for Seamless Admiralty Condenser Tubes and Ferrule Stock (B 44 - 33)... 
ard Specifications for Seamless 70-30 Brass Condenser Tubes and Ferrule Stock (B 55 - 33)... 
ard Specifications for Seamless Muntz Metal Condenser Tubes and Ferrule Stock (B 56 - 33) 


om eee for Seamless Copper-Nickel Alloy Condenser Tubes and Ferrule Stock 
~ 36 T) 


ACTIVITIES OF SUBCOMMITTEES 
Subcommittee I on Wrought Metals and Alloys (R. A. Wilkins, chair- 
man).—-This subcommittee has nearly completed its work on the preparation 
of new specifications for sheet and strip brass, considerably enlarging the 
cope of the present Standard Specifications for Sheet High Brass (B 36 — 33) 
and including carefully considered precision requirements for the chemical 
“mposition of this material. The subcommittee also has in preparation 
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Report oF Committee B-5 


new specifications for rolled non-ferrous bearing plates for bridges and 
other structural uses. 

Subcommittee II on Cast Metals and Alloys (G. H. Clamer, chairman) — 
Considerations being given by this subcommittee to adjustments in the 
specifications covering the various cast alloys to correspond with the related 
ingot metal specifications have not yet progressed far enough to make 
possible a final disposition of the Tentative Specifications for Sand Castings 
of the Alloy: Copper 80 per cent; Tin 10 per cent; Lead 10 per cent 
(B 74-32 T), which must be considered in relation to other alloys. It is 
expected that recommendations arising from the general program will be 
made during the coming year. 


At the spring meeting of Committee B-5 the desire of the chairman and 
secretary to retire after nearly ten years of service was recognized by the 
appointment of a committee under the chairmanship of G. H. Clamer 
to report at the June meeting on nominations for new officers. An election 
of officers held at the meeting of the committee during the annual meet- 
ing resulted in the selection by unanimous approval of Mr. C. H. Greenall 
as Chairman and Mr. C. H. Davis as Secretary to serve until 1938. 


This report has been submitted to letter ballot of the committee which 
consists of 66 members; 50 members returned their ballots, of whom 48 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


C. H. MATHEWSON, 
Chairman. 


K. Crampton, 
Secretary. 
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REPORT OF COMMITTEE B-6 
ON 


-DIE-CAST METALS AND ALLOYS 


Committee B-6 on Die-Cast Metals and Alloys has held two meetings 
during the year, one at Atlantic City, N. J., on July 1, 1936, and one at 
Chicago, Ill., on March 2, 1937, with an attendance at the two meetings, 
of 24 and 38, respectively. ‘The subcommittees have also held meetings at 
various times during the year. 


The following additions and changes in membership have been 
approved : 

F. A. Porter, Precision Castings Co. Inc.; oe 

J. M. G. Fullman, National Electric Products Corp.; 

F. J. DeWitt, Jr., Parker Rust-Proof Co.; . 

J. B. Johnson, Air Corps, U.S. A., resigned from the committee; __ 

J. C. Jones, British Aluminum Co., replacing A. J. Field, the former 
representative of the British Aluminum Co., who resigned from the com- 
mittee to return to England; 

Zay Jefiries now represents the Incandescent Lamp Division of the 
General Electric Co. at Nela Park, Cleveland, Ohio, instead of the Alumi- 
tum Company of America; and 

R. G. Roshong has resigned and was replaced by E. C. Roglin, who 
will represent the Hoover Co. 

At the present time the committee consists of 62 members, of whom 

+ are classified as producers, 22 as consumers, and 16 as general interest 
members. 

The present officers of the committee, J. R. Townsend, chairman, 
W. H. Graves, vice-chairman, and P. V. Faragher, secretary, were unani- 
mously re-elected for another two-year term, ending in June, 1938. 

Committee B-6 has advised Committee A-1 on Steel that the latter’s 
subcommittee XXIII on Die Steels as applied to die castings may be dis- 
banded until such time as Committee B-6 feels that sufficient information 
has been collected on die-casting practices to recommend to Committee A-1 
that standardization of the die steels in common use will be in order. 


A paper on “Brass Die Castings” has been prepared by J. C. Fox and 
‘ppears as Appendix I to this report. 
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OF COMMITTEE B-6 


RECOMMENDATIONS AFFECTING STANDARDS 


Proposed Revisions of Tentative Standards.—The committee recom. 
mends that the Tentative Specifications for Aluminum-Base Alloy Die 
Castings (B 85 — 33 T)! be revised, as appended hereto,? and continued as seitetio 
tentative. 

The committee also recommends that the Tentative Specifications for §} —— 
Magnesium-Base Alloy Die Castings (B 94-34 T)* be revised as follows 
and continued as tentative: 

Section 1.—In the second sentence of this section change Alloy No. 2 St 
to read Alloy No. 12. chairm 

Section 3.—The present composition known as Alloy No. 2 is to be §& {or Alt 
replaced by Alloy No. 12. Alloy No. 12 differs from Alloy No. 2 in that table ii 
a maximum of 1 per cent of silicon is recommended while the copper and proper 
nickel contents are limited to 0.05 and 0.03 per cent, maximum, respectively. § impac 
It is accordingly recommended that the table of chemical composition be has be 
changed to read as follows by the addition of the italicized words and Alloys 
figures and the omission of those in brackets: propel 


Magnesium, min. per cent [88.0] remainder asin 
Aluminum, per cent 9.0 to 11.0 S 
Silicon, max., per cent 1.0 = 

Manganese, min., per cent 0.10 chair 


Copper, max., per cent [0.10] 0.05 Alloy 
Nickel, max., per cent [0.05] 0.03 Cost’ 

Other Ingredients (zinc, cadmium, tin): _ 
Individually, max., per cent s 
Total, max., per cent Hiers 

Explanatory Notes.—In the first sentence of Notes 1 and 2 change t fiv 
Alloy No. 2 to read Alloy No. 12. lens! 
Change the fourth and fifth paragraphs of Note 2 to read as follows by ’ 


the addition of the italicized words and figures and the omission of those 
in brackets: 


The copper and nickel contents are set at [0.10 and] 0.05 and 0.03 per cent, 
maximum, respectively, inasmuch as larger percentages of these elements decrease 
the corrosion resistance of the alloy. 

The present phraseology for expressing the composition of these magnesium-base 
die castings permits the allowable presence of appreciable amounts of metals such 
as [silicon] zinc, cadmium, and tin that are often present in other magnesium-base 
alloys and which, in small quantities, have no detrimental effects on magnesium-base 
alloy die castings. Such metals, therefore, should not be classed as impurities. 


The recommendations appearing in this report have been submitted 
to letter ballot of the committee which consists of 62 members; 53 mem- 
bers returned their ballots, the result being as follows: 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 641 (1933); also 1936 Book of A.S.T.M. Tenta- 
tive p. 348. 


p. 705. 


* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 703 (1934); also 1936 Book of 4.S.T.M. Tent 
tive Standards, p. 353. 
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Proposep Revisions or TenTaTive STANDARDS 


specifications for Aluminum-Base Alloy Die Castings (B 85 - 33 T) 2 
specifications for Magnesium-Base Alloy Die Castings (B 94 - 34 T) 2 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum-Base Die-Casting Alloys (E. E. Thum, 
chairman).—This subcommittee has revised the Tentative Specifications 
ior Aluminum-Base Alloy Die Castings (B 85 — 33 T) by the addition to the 
table in the appendix to the specifications of test values showing the physical 
properties for Alloys Nos. XI and XII that may be expected of tension and 
impact specimens when made in a die. This revision of the specifications 
has been called to the attention of Committee B-7 on Light Metals and 
‘lloys, Cast and Wrought, so that that committee will include ingots of the 
proper composition in the specifications for aluminum-alloy ingots for die 
astings which it has in preparation. 

Subcommittee II on Zinc-Base Die-Casting Alloys (C. E. Heussner, 
chairman).—Work is under way in this subcommittee for the inclusion of 
Alloy No. XXV in the Tentative Specifications for Zinc-Base Alloy Die 
Castings (B 86 — 34 T). 

Subcommittee III on Tin- and Lead-Base Die-Casting Alloys (G. O.— 
Hiers, chairman).—This subcommittee has formulated plans for the study 
i five tin-base and lead-base alloys to determine the following properties: — 
lensile strength, creep, impact, and hardness. The composition of these 
illoys is to be determined by chemical and spectrographic analyses. Several 
ompanies have agreed to supply the necessary test specimens to carry out 
this investigation. 

Subcommittee IV on Physical Tests of Die Castings (R. L. Templin, 
thairman).—At a meeting of this subcommittee in March, 1937, the general 
subject of die castings was reviewed and new methods of testing were dis- 

sed. It was agreed that the round tension specimen should be standard 
nee it gives more consistent results than the flat specimen. It was re- 
ported that some work is in progress in the use of a notched impact speci-— 
men in which the notch is cast into the bar. Various other tests are in 
‘ogress, such as creep testing and endurance tests at elevated temperatures. 

_ Consideration has also been given to the physical tests to be made on 
ne tin-base and lead-base alloys. Various testing laboratories will be 
quested to give information regarding the standard rate of pulling the 
st specimens, type of machine used, grips and all other data bearing on 
‘he subject. A report on the correlation of testing practices will be pre- 
“ated by this subcommittee sometime in the future. 
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Subcommittee V on Exposure and Corrosion Tests (W. M. Peirce, chair. 
man).—In line with the exposure and corrosion test program of Subcom. 
mittee V, three zinc-base alloys and four magnesium-base alloys will be 
placed on the exposure racks. The zinc-base alloys will be prepared by 
the Apex Smelting Co., National Cash Register Co., the New Jersey Zinc 
Co., Bunker Hill Zinc Producers, Stewart Die-Casting Corp., and the 
Superior Die Casting Co. The magnesium-base alloy specimens will be 
produced by the Hoover Co., Dow Chemical Co., and the American Tt 
Magnesium Corp. on 
It was agreed that Alloy No. 12 of the Tentative Specifications for J copper 
Magnesium-Base Alloy Ingot for Remelting (B 93 — 36 T) will be included that tl 
in the exposure tests under the designation of Alloy No. 312 and an alloy of “ 
the composition of No. 7 under the designation 307. Two additional alloys laa 
designated 313 and 314 will also be included, the former having a nominal fow it 
composition of 9 per cent aluminum and 0.6 per cent zinc, the latter differing actuall 
from 307 by the addition of 2.5 per cent zinc. The New Jersey Zinc Co. § t™ 
will analyze the zinc-base specimens, and the Dow Chemical Co., the J °™ 
magnesium specimens. All of the zinc alloys will be die cast in accordance 
with the procedure outlined in the report by G. L. Werley on “A Study of 
Die Design Changes for the Improvement of the Soundness and Uniformity 
of Test Bars,” which appears as Appendix II to this report. ‘The manv- 
facturers of the magnesium-base alloy specimens will arrive at a common 
agreement as to the standard conditions of casting in order that variables 
will be reduced to a minimum. 
Subcommittee VI on Finishing Properties of Die Castings (J. C. Fox. 
_ chairman).—The work on metal finishes being carried out by the Joint 
Committee on Exposure Tests of Plating on the Non-Ferrous Metals, made 
up of representatives of the American Electro-Platers’ Society, the National 
Bureau of Standards and the A.S.T.M., is well under way. 
Subcommittee VII on Magnesium-Base Die-Casting Alloys (J. A. Gann, 
chairman).—This subcommittee at its meeting in March, 1936, approved 
minor revisions of the Tentative Specifications for Magnesium-Base Alloy 
Die Castings (B 94-34 T) which were subsequently approved by Com- 
mittee B-6 but inadvertently omitted from the 1936 annual report and 
hence were not submitted to the Society last year. To correct this over- 
sight the changes proposed in these specifications are now being presented, 
| as mentioned earlier in this report. 


| This report has been submitted to letter ballot of the committee which 
consists of 62 members; 53 members returned their ballots, of whom 5! 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


P. V. FARAGHER, J. R. TowNsEnD, 
Secretary. Chairman. 
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1 be By J. C. Fox! 

ican The die casting of copper base alloys has had the attention of die casting engineers | 
for many years. As far back as 1914 attempts were made to cast brass and other 

for copper alloys with the casting machines and methods then available. It was found 

ded that these methods and machines, which were designed for zinc and aluminum die 


w of stings, could not be successfully used for the casting of brass. 
. One early experiment in brass casting consisted of enclosing in the die a ladle of © 


loys molten brass, tipping the ladle from the outside, and allowing the molten brass to 


inal fow into the die cavity with the aid of compressed air. Brass die castings were — 
ring actually produced by this method, but the process proved too costly and impractical. 
Co. The method was not only slow but it was necessary to keep the metal extremely hot 
the inorder to maintain a fluid state, during the operation of closing the die and completing 
the casting cycle. This high temperature shortened, considerably, the life of the die. 
me Another process consisted of a machine which embodied the principle of charging 
yo with molten brass, an asbestos cup or shell set in a chamber above the die opening. 

nity The use of the asbestos cup prevented rapid chilling of the metal until pressure could — 
:nu- te applied by means of a mechanical ram which forced the molten alloy into the die. 

mon This process proved to be too cumbersome, complicated and costly, and the resulting _ 


astings were excessively porous and unsound, due to the hygroscopic nature of the 
sbestos paper. In this process also the die life was extremely limited due to the 
ugh temperature of the alloys used in casting. 


bles 


Fox, In all the early attempts to produce satisfactory brass die castings on an 
oint onomical basis, the alloy was cast in the fully liquid state at temperatures consider- 
ade ly above the melting points. At these temperatures, difficulties were encountered 
= ue to the rapid failure of dies which were fabricated from steels not adaptable to 
this type of work. The ready volatilization of zinc from the brass alloys tended to 
at the die surfaces heavily with zinc oxide which materially affected surface finish 
ann, nthe casting. The high shrinkage of the alloy at these temperatures also gave 
ved tious trouble. 
lloy It was not until a few years ago that a new process and a new type of casting 
- machine were developed which made the pressure die casting of brass and kindred 
pee aloys a commercial reality. In the late twenties, Polak of Czechoslavakia introduced — 


high-pressure machine and method for casting brass. By using high pressures, it 

s found practical to force brass into die cavities at temperatures considerably lower _ 
ted, han the temperatures previously used for casting the alloy. In this process, the metal | 
held in a furnace as a unit apart from the casting machine. The metal at a temper- 
, ature close to the melting point is ladled into a cold chamber of the casting machine 
hich where it partially solidifies before the application of pressure forces it into the die. 
1 51 Since this development, there have been a number of modifications of the Polak 
machine, all of which, while varying in some degree, utilize the same mechanical 
mnciple of casting and employ high pressures. Pack? has ably described the Polak, __ 

‘Chief Chemist and Metallurgist, Doehler Die Casting Co., Toledo, Ohio. 


eh. C. Pack, “*Press Castings,” Metals and Alloys, March, 1932. C. Pack, “Press Casting Brass and Other 
’ “oper Alloys,” Metal Industry, Vol. 32, Nos. 5 and 6, May and June, 1934, pp. 155-157, and 199-201. 
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Pack, Doehler and other machines, while Sieg! has given the details of the Pola, continu 

process. hardne 
This new process for brass alloys is now being extended to the casting of other general 

alloys, notably magnesium and aluminum alloys. The higher pressures used ha) 

been found to produce higher physical properties, better surface finishes, and freedoy proper 

from porosity in the casting. ee a suita 


The Casting Cycle: — 

In the operation of the Polak type of casting machine the die is closed, and t! 
brass alloy in a liquid or semiliquid state, at a temperature very close to the melting 
point, is ladled into a cup or chamber on top of an ejector plunger. The ejector 
plunger at this point blocks the gate or inlet into the die. Above the cylinder is g 
hydraulic ram controlled by a valve which the casting operator opens immediate); 
after the alloy is ladled into the chamber. The ram forces the ejector plunger dowr- 
ward, opening the gate to the die, and as the ram continues downward, the metal i 
forced into the die under pressures ranging from 3000 to 10,000 Ib. per sq. in. Wher 
the pressure is released and the ram withdrawn, the ejector plunger, through it 
spring action, is forced upward causing it to shear off the gate sprue and eject the sol 
slug of excess metal. The cycle of casting operations is then completed by openit 
the die and ejecting the casting. 


in Industry: 
The salient qualities of brass die castings, high strength and corrosion resistar 

_ make them suitable for many diversified uses. The die casting of high tensile strength 
alloys opens up to industry a source of engineering parts of high strength, intricacy, 
accuracy, stability, and economy. It is difficult to limit the potential market of 
materials having such a combination of properties. The variety of possible uses is 
far too wide to be given in this paper; however, the following is a partial list of the 
present and possible applications of brass die castings: 
. In the automotive industry—gears, transmission forks, clutch parts, hydraulic 
brake parts, shock absorber parts, pumps and bearings; in the electrical field— 
switchboard parts, contactor parts, brushholders, refrigerator parts for resistance to 
corrosion and to the chemical action of refrigerants; ordnance and gun parts; marine 
parts where strength and corrosion resistance are paramount; steam fittings and 

_ valves; trunnion bearings; oil burner parts; oil well and hydraulic pump parts; 
general engineering fittings; household hardware; and many others. In one 
application, that of a shock absorber piston more than a million brass die casting 
parts have been produced during the past year. a ae 


DIEs 
Die Steels: 
Since the first production of brass die castings on a commercial scale, attention 

has been concentrated on obtaining the most suitable composition and method of 
heat treating steel to give satisfactory die life. It has become apparent that the steels 

- and heat treatments previously used for die casting aluminum with temperatures up 

_ to 1300 F. were definitely unsuited for brass with casting temperatures up to 1700 F 

It was found that a much greater difference could be expected in the performance 0! 
‘die between those used for brass and aluminum than was experienced between those 
_used for aluminum and zinc or other lower melting point alloys. 

The extreme surface temperature of the die in brass die casting may rise higher 
than 1600 F., a temperature well beyond the transformation range of steels. The 


ba, 4 W. Sieg, “Brass Pressure Castings are Produced Economically,” The Iron Age, November 30, 1933, 
Pp. 
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continued heating of the surfaces to this point results in reduction of strength and 
hardness, lowers the resistance of the steel to erosive action of the molten alloy, and 
generally nullifies the effects of heat treatment. 

A suitable steel for brass die casting dies must possess very high red-hardness 
properties and retain hardness and other properties at high temperatures. In addition 
4 suitable brass die steel must possess the following characteristics: “"* 

1. High impact strength and toughness at ordinary temperatures, 

2. High impact strength and toughness at elevated temperatures, 

3. Resistance to cleavage cracking or cracking due to sudden changes of 

temperature, 


4. Resistance to heat checking, 

iately 5. Resistance to solvent or erosive action of molten alloy, Speen 7 

hoa, 6. Relative ease of heat treatment and stability in heat treatment, and 

tal i 7. Relative ease of machinability. se 

When In the course of development of the brass die casting process, many compositions 

h it of steel covering practically all available types of alloy steels have been tried under 

soled actual service conditions. These include the high-chromium (18 to 30 per cent), the 
high-chromium-nickel stainless and heat-resistant steels, the high-speed steels with 
varying content of tungsten and other elements, and a large variety of new alloy steel 

mpositions with high content of chromium, molybdenum, cobalt, and other elements. 

Although the life of dies is steadily improving, the development of special steels 
for the casting process is a pressing need, one which should challenge the ability and 
ingenuity of every steel metallurgist. In this the stee] manufacturer has an open field 
for the development of a material which will meet all the conditions and requirements 
imposed by this process. , 

The type of steel now generally used for brass die casting dies is one of the so- 
called hot work type, which is used for dies for forging, swaging extrusion, and 
similar methods. The composition lies between the following limits: 

Carbon, per cent 40 
Tungsten, per cent P .00 
Chromium, per cent 
Vanadium, per cent ‘ .50 
Silicon, per cent .50 
Manganese, per cent -50 
Sulfur, per cent .02 
Phosphorus, per cent 02 


This steel is used only because there has been no better one avail. ble, although 
there are now on test some very promising new types of compositio. which will 
indoubtedly replace it. 

Particular care must be taken in the heat treatment of the chromium-tungsten 
teel. It must be heated carefully and to a sufficiently high temperature to insure as 

mplete a solution of the carbides as is possible, to minimize susceptibility to cleavage 
cracking. A carefully regulated atmosphere-controlled furnace must be used to 
prevent decarburization and carburization as, in die casting dies, no extra stock can 
% allowed for grinding after heat treatment as is the case in the manufacture of other 
tools. Decarburization of the surface of the die causes rapid heat checking. 

The final Brinell hardness after heat treatment must be within definite limits. 
The shock resistance of the steel is greatly lowered when the Brinell hardness exceeds 
44; heat checking is apt to take place rapidly when the hardness drops below 430. 


Heat Treatment: 


_ The steps in the method of heat treatment used for this steel are essentially as 
: 
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Pack. 
7 2. Preheat the die blocks by slowly heating to 1550 to 1600 F. 
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3. Transfer to high-temperature atmosphere-controlled electric furnace and heat 9 
4 esigni 
to 2190 to 2200 F. Workis 
_ 4, When blocks have attained this temperature, continue heating until blocks deriver 
- are thoroughly heated throughout. 
5. Quench in oil. 
6. Draw at 1135 to 1150 F., and soak at this temperature for a time equal! TI 
hr. per inch of thickness. be liste 
Final Brinell hardness between 430 and 444, 1. 
Die Life: 2. 
With the present die steels, the life of a die may range between 10,000 and 50,000 : 
operations before replacement becomes necessary. The die life appears to be a function 5, 
of the size, weight, and wall section of the casting. Under the same conditions dies 6 
for thin-walled castings greatly outlast those for castings of heavy section. This - 
may be accounted for by the greater amount of heat absorbed by the die from tl 8 
larger amounts of metal required for heavier castings. ) 
For small thin-walled castings a die Jife of 50,000 or more cycles can be expected A 
Some parts, particularly the gate block and sprue, require replacement oftener than with i 
the impression parts. The gate block is the first to receive the full charge of met the lo 
and consequently is always heated to higher temperatures than the more remot good 
parts of the die. During steady casting operation, these parts reach a dull red heat neces 
and remain at this temperature during casting. This clearly indicates the necessity 
for a steel of high red-hardness for brass die casting dies. point 
Die Design: In th 


Dies for casting brass are fabricated in a manner similar to those for casting 
aluminum and zinc. The brass dies are generally made up in small sections, each 
impression being a separate block in order to facilitate handling in heat treatment 
and for ease of replacement. 

The methods of gating and venting for brass are similar to those used for other 
die-cast alloys. Because of the higher pressures used on brass, the size of the gate 
inlet required is much smaller than that necessary for the same shape and size of 
casting in zinc and aluminum. 

At the present stage of development, 5 lb. is generally considered the maximum 
weight for brass die castings, although some larger castings have been produced. 
The average weight of castings is approximately 1.5 lb. 

The minimum wall thickness of brass die castings can be placed at 7 in. with an 
average of 7 in. The wall stock required naturally depends upon the size, shape, 
design, and nature of the application. Dimensional tolerances also depend upon the 
size and shape of the casting. The magnitude of the dimension is also an important 
consideration in fixing the limits. Uniformity of wall sections and the avoidance of 
: thick sections wherever possible are also important in the control of limits. _ It is well 
to keep the sections uniform and avoid too great a variation in adjacent sections. 
The walls of castings require a draft or taper of ¢& in. per inch on a side. Cores must 
also be given adequate draft. 

Holes of minimum diameter of #g in. are cast. A taper of ¢& in. per inch of depth 
of hole is necessary. As a general rule no threads are cast. Coarse external threads 
may be cast in some instances, but for the most part, it is found more economical to 
cut threads than to cast them, since cast threads require chasing and a cut thread 1s 


usually cleaner and sharper than a cast one. 
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In many cases, it is possible to keep within narrower limits in casting than those - 
given above, but this again depends upon conditions and the general practice in 
designing a casting is to allow as much tolerance as is possible to meet all requirements. 
Working within unnecessarily narrow limits adds to costs without any benefits being 
derived. 

ALLoys 

The important factors controlling the quality of a brass die casting alloy may 

be listed as follows: 


1. Melting point. 

2. Physical properties. 

. Physical properties at elevated temperatures. 
. Fluidity. 

. Machinability. 

. Action on steel die—erosive or solvent action. 
. Corrosion resistance. 

8. Cost. 


As the difficulties encountered in the production of die castings multiply rapidly 
with increasing melting points of the alloys used, it is obviously necessary to use only 
the lower point alloys. The choice of the alloy must, of course, be consistent with 
good casting properties, suitable mechanical properties, machinability, and other 
necessary properties. 

The 60 per cent copper, 40 per cent zinc type alloy which has the lowest melting 
point of the commercial high brasses, was the one first to be used and is still being used. 
In the die-cast state this alloy has good physical properties and corrosion resistance. 

Aluminum bronze, tin bronzes, red brass, 85-5-5-5 and similar high-copper 

lloys can be readily cast by the process described but the melting points and casting 
temperatures are too high to be practical or economical with the die materials at 


Added Elements and Impurities: 


The effect of added elements and impurities in brass die casting alloys is very 
ronounced and of such importance as to warrant discussion here. 

Lead.—Lead, which is practically insoluble in copper and brass, is usually added 

and-cast and forging brass alloys up to 3.00 per cent to improve machining char- 

tistics. In the solid alloy, it is distributed as globules in the grain boundaries 
ming planes of weakness, which make for ease in machining. For brass die casting 
ys, however, lead in any but the smallest amount appears to be more harmful 
in beneficial, for the same effect of lead in sand-cast and forged parts is not found 
th brass die castings. Lead in brass die castings causes a reduction in strength 
nd ductility and there is great tendency towards segregation and liquation of the 
, producing unsightly gray spots on the casting. It also contributes to hot- 
rtness of the alloy in casting. Therefore, when the optimum in physical properties 
esired the lead content should be kept below 0.25 per cent. 

Tin.—Tin increases the hardness. Over 1 per cent tin in the alloy for brass 
¢ castings results in difficulty in machining. The advantages of tin additions are 
ucreased corrosion resistance and better surface finish. 

Bismuth—The effect of bismuth is particularly harmful on the mechanical 
properties of brass and copper alloys because of its distribution in the grain boundaries 
ausing brittleness. The bismuth content should be kept below 0.005 per cent. 

Antimony.—The effect of anitmony on brass is similar to that of bismuth; the 

atent should be kept below a maximum of 0.005 per cent. 
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Arsenic.—The presence of arsenic in the 60 per cent copper—40 per cent zine Th 
brass alloy is highly deleterious; as little as 0.05 per cent reduces ductility greatly, cobalt, 
Sulfur, Tellurium, and Selenium.—Sulfur, tellurium, and selenium are regarded a As 
harmful on the mechanical properties of brass and should be held down to the very steady 
minimum. Sulfur present as cuprous sulfide reduces ductility. an be 
Iron.—A small amount of iron in brass considerably increases the hard; 
lightens the color, and reduces corrosion resistance. In brass die castings, it sh 
be kept below 0.25 per cent. than is 
Manganese.—The apparent effect of manganese is that it hardens the bra mately 
increases tensile strength, and decreases elongation. The alloy known as mangan with th 
bronze, which is essentially a brass alloy containing small percentages of mangar has a 
has been die cast with satisfactory results. tensile 
TABLE I.—MELTING Points oF CoppER—Z1NC ALLoys. an aver 
ALLoy CoMPoSITION, TEMPERATURE, and x 
_ COPPER, PER CENT ZINC, PER CENT Dec. CENT. Dec. Faur 
1980 
1967 
1890 
1846 
1796 
1756 
1746 
1684 
1666 
1655 
Elongatio 
1598 Peduetion 
1544 Brinell ha 
1501 
1477 
1467 
1364 


1301 
1212 
1090 


1017 
869 
797 
786 


| cent be 
zinc all 


Magnesium.—Because of the great affinity magnesium has for oxygen, it is con- 
sidered a good deoxidizer for brass and other copper alloys. However, it should be 
added in amounts just sufficient to remove impurities and should not be present in 
the alloy. 

Aluminum.—The addition of small amounts of aluminum to brass appears t 
be beneficial in deoxidizing, in retarding oxidation, and in reducing the volatilization 

of zinc at elevated temperatures. The aluminum content should be kept below 
0.20 per cent. 

. Nickel.—The effect of nickel on brass is to improve its mechanical properties 
and corrosion resistance. The well-known nickel-silver and similar high nickel-coppet 
zinc alloys containing up to 18 per cent nickel are being die cast with excellent results. 

Silicon.—Silicon in copper-zinc alloys for brass die casting has been found to be 
highly beneficial. It lowers the melting point, increases fluidity, and tends to counter- 
act and diminish the deposit of zinc oxide on the die surfaces. The die surfaces 
remain clean and require little or no die lubricant, to allow free ejection of the casting 
from the die. Silicon also greatly improves the physical properties as is shown below. 


{ 
4 = 
n 
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The effect of other elements, chromium, tungsten, molybdenum, vanadium, _ 
cobalt, and titanium, on brass alloys for die casting are now being studied. 

As the copper content of the copper-zinc series of alloys increases there is a 
steady rise in melting point temperature as shown in Table I. From this table it 
can be seen that the die casting of brasses with copper content greater than 70 per 
cent becomes increasingly difficult. For example, the 80 per cent copper, 20 per cent 
anc alloy, has a melting point of 1846 F. This alloy is much more severe on dies 
than is the 60-40 composition with a melting point of 1655 F. By replacing approxi- 
mately 4 per cent of the zinc content of the 80 per cent copper, 20 per cent zinc alloy 
with the same amount of silicon, the Tombasil' type alloy is obtained. ‘This alloy 
has a melting point somewhat lower than that of the 60-40 alloy. It has a minimum 
tensile strength of 85,000 Ib. per sq. in., an elongation of about 10 per cent, and has 
an average Brinell hardness of 170. The corrosion resistance of this alloy is very high, 
and experiments have shown that it is a valuable bearing metal. Its high fluidity 
makes it an excellent casting alloy. Sa Oe 


Brass Diz CastinG ALLoys 


per cent. 
lead, per cent 
Nickel, per cent 


63.0 to 65.0 
33.0 to 35.0 


80.0 to 81.5 
13.5 to 16.0 


Tensile strength, Ib. per sq. in 
Yield point, Ib. per sq. in 
Elongation, in 2 in., per cent 
Reduction of area, per cent 


Brinel 


55 000 to 60 000 
30 000 to 35 000 
15 to 20 
15 to 20 
120 to 130 
8.47 


yellow 
fair 
poor 


65 000 to 70 000 
35 000 to 40 000 
20 to 30 
15 to 20 
120 to 130 
8.50 
yellow 
fair 
good 
fair 


85 000 to 95 000 
65 000 to 70 000 


light yellow 
hard 
high 


42.04 
41.0 


1.0 
16.0 
85 000 to 95 000 
65 000 to 72 000 
10 to 20 
10 to 18 
160 
8.45 
white 
fair 
high 


According to W. W. Sieg, Titan Metal Co. 


Another good die casting alloy is one composed of 65 per cent copper, 34 per cent — 
ind 1 per cent silicon. This alloy in the pressure die cast state will show a tensile 4 

ngth around 70,000 lb. per sq. in. and an elongation of about 30 per cent. 

The white nickel brass die castings also are capable of high physical properties, 
dition to possessing good corrosion resistance. . 
lable IT shows the nominal composition and physical properties of some of the — 


Particular care should be exercised in the preparation of brass die casting alloys. 
rate of melting, the purity of the metals, and types of furnaces used all have an 
nce on the physical properties of the alloy. These factors must be carefully 
ated to minimize the tendency for gas absorption, formation of oxides, and 
alities of properties, usually accompanying the lack of control. Liberal use 
d be made of suitable fluxes to exclude oxygen and other gases and to combine 
oxides and impurities in the melt. When the alloy is cast in the plastic or semi- 
| state, close to the melting point, there is a great possibility for oxides and 
inclusions to be intermixed with the melt, which ultimately are to be found in 
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” Three alloys of this type are available: Tombasil Alloy, Ajax Metal Co.; Brastil Alloy, Doehler Die 


€\0.; and Webert Alloy, American Brass Co. 
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the castings. Obviously such non-metallic substances adversely affect machinability 
in that fine cutting edges of tools may be readily dulled. By using the alloy in the 
completely liquid state, there is a much greater chance of keeping these oxides an( 
impurities out of the melt, since they will rise to the surface and can be removed by 
skimming. 
Die LUBRICANT 

An essential item in connection with brass die casting is the material used for 
coating and lubricating die parts. A good die lubricant is necessary to act as a 
protective film between the hot metal and the die surfaces, and to act as a lubricant 
for cores and other movable parts. A good film materially reduces the rate of heat 
transmission to the die surfaces. A water suspension of colloidal graphite has been 
found to give good results, and is being used consistently for this purpose. 


THE Economic Posit1on or Brass Dre CAstTINGs 


The brass die casting process has proven sufficiently economical and practical to 
be recognized as a commercial means of manufacture. Brass die castings can assume a 
rightful place along with die castings of other alloys as well as other methods for 
the fabrication of metals. 

The number and variety of applications of brass die castings are steadily increas- 
ing. It is not likely, however, that they will replace altogether products of other 
methods. It is believed that there is a specific-field for each process, and for each 
type of alloy. . 

Brass die castings have not as yet been able to compete with simple shaped 
brass sand castings, which require little or no machining. | However, there are many 
parts formerly sand cast which are now being economically die cast. This is due t 
the savings brought about by reduction in weight and in the lower finishing costs of 
brass die castings. For the same alloy brass die castings show superior mechanical 
properties to sand casting as a result of finer grain size. The surface finish and souné- 
ness throughout in brass die castings are superior to sand castings. Sharper detail 
and greater dimensional accuracy can be had with die castings, and thinner wall 
sections can be die cast than are possible with sand castings. 

With the development of the brass die casting process competition between 
brass die castings and brass forging is growing keener. Die castings have greater 
accuracy and finer detail, while forgings afford greater ease of machinability and 
greater soundness of structure. For a given alloy, the basic metal cost for forging 
is much higher than that for the die cast alloy, due chiefly to the number of operations 
in preparing the metal for the final forging operation. 

Brass castings have the inherent porosity of die castings, and low as this porosity 
may be, the castings are not comparable in soundness or density with forgings. While 
die castings will not replace forgings entirely there is hardly a doubt that many parts 
now forged will be die cast at a substantial saving. ae 

Brass die castings will replace zinc die castings only where the application 
requires the high strength, the corrosion resistance, bearing properties and permanence 
of brass. For uses where zinc die castings have proven satisfactory over long periods 
of service, it is doubtful whether brass die castings can ever expect to overcome the 
many advantages of zinc and to replace it. The lower cost of the zinc alloy, the 
lower die cost and greater die life, and the high-speed production of present zinc die 
castings make it almost impossible for brass die castings to compete. ‘ 

The die casting of brass, nickel-silver, and simiJar copper alloys is making sub- 
stantial progress. Further developments are expected to bring the process into 
relationship to other methods for fabricating metals. 
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APPENDIX II 


SOUNDNESS AND UNIFORMITY OF TEST BARS 


By G. L. 


This paper is divided into two parts: Part I pertaining to the development of an 
insert or unit die to produce sound test bars of uniform strength, and Part II covering | 
similar tests on a die which was built in 1927 primarily to cast test specimens for the — 

i first exposure tests conducted by Committee B-6 on Die Cast Metals and Alloys. 
cal to This die is referred to herein as the A.S.T.M. die. 
ume a The work under Part I was done in the interests of reducing the number of © 
ds for specimens required to be averaged to obtain significant results for routine tests. Part © 
II was undertaken to effect similar improvements in the A.S.T.M. die so that those | 
creas producers who have this type of die and are cooperating in the production of test bars 
other for the proposed A.S.T.M. atmospheric exposure test can readily alter their die to 
"each attain an improvement in uniformity and soundness of specimens. 


ASTUDY OF DIE DESIGN CHANGES FOR THE IMPROVEMENT OF THE rs , 


haped PART I 


ened In 1932, a unit or insert die provided with inserts for casting various types of test 


aad specimens was put into operation. 


anical 
ound- 
detail 
> wall 


A statistical analysis showed that forty such impact bars were required to obtain, in — 
% out of 100 cases, an average within +10 per cent of the average of a very large © 
number of specimens. Radiographs also showed the test bars to have considerable 
porosity. 
In an attempt to produce sound test bars of uniform strength, small changes were 
age made repeatedly in the gates, vents, and overflow wells. Collectively, these changes 
ping produced the desired results and in addition each die change, which increased the _ 
seas uniformity, also increased the impact strength and, to a lesser extent, the Brinell | 
hardness. The tension bars were improved in soundness but not in strength. In 
rosity fact, a slight loss in tensile strength resulted. 
While Changes were made in the die with the following objectives in view: 
parts 1. The castings were to be virtually free of porosity in the test sections as shown 
by radiographs. 
ation “ The impact bars were to have the same strength for the gate and vent halves 
ithe specimen when tested at 21 C. 
3. The average impact strength of any five bars taken at random was to be within 
«10 per cent of the average of a large number of specimens in 95 out of 100 cases. 
The original design of the unit die for the production of }-in. test bars is shown in 
ig. 1. When this die was put into service the }-in. impact specimens cast were too 
porous to be considered satisfactory. In order to cast sounder specimens, the following 
changes were made in the die: 
1. The overflow well at the vent end of the impact cavity was increased in size. 


‘New Jersey Zinc Co., Palmerton, Pa. 


eater 


S and 
ed for 
aS a : 
ricant 
ypecimens cast in the unit for the production of }-in. test bars, under carefully : 
rolled conditions, exhibited a wide degree of nonuniformity in physical properties. | 
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2. Four vents were added to the die at regularly spaced distances along the side 
of the impact cavity (see Fig. 8). 


3. A waster in the shape of a #s-in. square impact bar, with an accompanying 
overflow well, was added to the die between the existing sound tension and }-in. square 


TABLE I.—PHySICAL PROPERTIES OF ZAMAK 3 CAST IN THE UNIT Dik. 


Date cast: December 12, 1935. 

Pressure: 1500 lb. per sq. in. (calculated). 
Metal temperature: 425 C. 

Die temperature: 150, 200, and 250 C. 


Tensile strength, lb. per sq. i 
Standard deviation, ft-lb.° 


Impact strength (bottom or vent end), ft-Ib.¢.............ccccccccccccccccecccccecccssccens 
Standard deviation, ft-lb 

Coefficient of variation 

Impact strength, grand average, ft-lb 

Standard deviation, ft-lb 

Coefficient of variation 


@ Tested at 21 + 0.5 C. 
* Calculated using formula 22, where z is the deviation of the individual bars from the arithmetic average and n is 
the of 


cient a orn is a measure of the variability which is independent of the scale units and which takes into 
aman r+ size of deviations relative to the mean. 


The coefficient of variation fe determined by using the formula V = we where o = the standard deviation and M = the 


arithmetic mean. 
4 The impact values were determined o type machine fitted with three interchangeable hammers having the 
anne capacities: 0 to 10.3; 0 to 38.5; 0 to 103. 6 lb. Contrary to our usual practice, impact values under 15 ft-lb. were 
to one decimal place. However, such results are believed to besignificant when the proper hammer is used. 


Nore.—Through common usage, the gate and vent ends are sometimes referred to as “top” and “bottom,” respectively. 
Therefore, Preae ~ oA this report wherever “top” is used, it refers to the gate end; and “bottom” refers to the vent end. 


TABLE II.—PuysIcAL PROPERTIES OF ZAMAK 3 CAST IN THE IMPROVED Unit DIE. 


Date cast: March 4, 1936. 

Pressure: 1500 lb. per oot in. (calculated). 

Metal temperature: 415 C 

Die temperatures: 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, and 250 C. 


170 C. | 180 C. 


Tensile strength, lb. per sq. in. 41 900 | 40 500 
strength (top or 
end), ft-lb.* 40 
Standard deviation, ft-lb... 3. 5.0 
Coefficient of variation. . ‘ : . 12.5 


Impact strength (bottom or 
vent end), ft-lb.¢ 

Standard deviation, ft-lb 

Coefficient of variation 


variation... 


@ Tested at 21 +- 0.5 C. 


impact cavities to facilitate getting the die up to the proper temperature and to assist 
in holding the temperature at a constant value (see Fig. 8). 

The above changes were made in the die prior to the intensive study of the 
optimum design of this die. 


alloy 
die cas 
T 
are gr 
R 
porosi 
sidera 
| of the 
150 C. | 200C. ’ 
const: 
4000 | 43400 | 43 
2.4 35) 40 
10.5 
7.34 96| 18 this 
30.4) 318] m2 
8 1S. 
13.8] 13.2] 10.7 
65.8] 59.6| 384 the s 
gate. 
of ba 
in Fi 
there 
han 
1/4-1 
| 1/4- 
C. | 160 C. | NE | 190 C. | 200 C. | 210 C. | 220 C. | 230 C. | 240 C. | 250C. 
— a 40 700 | 40 800 | 41300 | 41 100 | 40 500 | 40 500 | 40100 
42 42 42 44 42 41 | 38 
1.8] 2.4 1.2] 06] 3.6] 4.1] 33 
43} 58] 2.9] 1.3] 8.7] 10.1] 87 
38 45 42 44 44 43 44 43 43 «| «48 a 
- 2) 45] 3.1] O07] 0.7] 08] 05 this 
11.7] 12.0 1.9 7.3 1.6 1.7 1.7 1.3 13] 2.0] 1.2 
Impact st jer- 
ne 38 43 41 43 43 43 44 42 42 40 
4.3 4.1 1.8 2.0 1.1 0.6) 3.1] 3.2] 33 
...| 10.4] 10.2] 10.0] 100] 4.2] 46] 2.6] 1.3] 7.2] 7.6] 841 I 
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2 side The die with the above construction changes produced Zamak 3 bars (A.S.T.M. 
alloy No. XXIII)! with the physical properties given in Table I when cast in a modern 

nying die casting machine. 


The data in Table I show that, in impact strength, the vent halves of the bars 
are greatly inferior to the gate halves as well as being less uniform in strength. 

Radiographs, Figs. 2, 3, and 4, show considerable porosity at the gate, and some 
porosity at the vent, of the impact bars. Radiographs, Figs. 5, 6, and 7, show con- 
siderable porosity in the vent end, and some objectionable porosity in the test section, 
of the round tension bars. 

In Fig. 8 is shown the net result of the changes made in the die from its original 
construction, as shown in Fig. 1. It now embodies what is believed to be about the 
optimum design for the die casting of Zamak alloys in this particular insert die. 

As previously stated, the die changes were made in individual small steps. In 
this manner it was possible to study the effects which each die change produced and, 
therefore, recognize when the optimum condition for each type of change was reached. 
It is known that if the gate opening, for instance, is at its optimum size, a change in 
the size of the overflow well may disturb the optimum condition established for the 
gate. Thus, any change made in the die may cause some former alteration to be out 
f balance and create an almost endless series of minor changes. The die as shown 


juare 


| 


id nis in Fig. 8 met the requirements listed earlier concerning uniformity and strength and, 
therefore, was considered as being correctly designed. 

—_ The changes made in the die can be seen by comparing Figs. 1 and 8. The major 

7 hanges consisted of the following: 

ng te 1/4-in. Impact Bar Cavity: 

. were 1. Gate depth increased from 0.030 in. to 0.083 in. oe 

’ 2. Overflow well runner depth increased from 0.030 in. to 0.088 in. 

“es 3. Overflow well increased from 0.07 cu. in. to 0.6 cu. in. 


4, Four vents were placed in the die along the length of the cavity. — 


E. 1/4-in. Round Tension Bar Cavity: 
1. Gate depth increased from 0.030 in. to 0.075 in. 
2. Overflow well increased from 0.06 cu. in. to 0.15 cu. in.¢ 


Further Alterations: 
1. The addition of a s-in. square impact bar cavity.* having: 


)100 (a) Gate depth of 0.090 in. 
8 (b) Overflow well runner depth of 0.080 in. ~ 
87 (c) 0.5-cu. in. overflow well. 


(d) Vent from the overflow well of 0.007-in. depth. 


.. "The vent end grip of a tension bar is in effect an overflow well so far as the test section is concerned. On 
12 is basis, the overflow well capacity is 0.3 cu. in. plus the above-mentioned 0.15 cu. in. or a total of 0.45 cu. in. 

This casting has no particular value as a test specimen and was added only to facilitate getting the die 
ip to the proper temperature and to assist in holding this temperature at a constant value. 


2 . Zamak 3 (A.S.T.M. alloy No. XXIII)? had the physical properties given in Table 
il when cast in the die shown in Fig. 8 and using a modern die casting machine. 


Figure 9 shows the impact data of Tables I and II. By means of this chart the 
improvement in impact strength resulting from the die changes are readily apparent. 


sist It will be noticed that the strength of the top half of the impact bars was not 
greatly affected by the die changes. The greatest improvement was in the impact 

the Mu ‘Tentative Specifications for Zinc-Base Alloy Die Castings (B 86 - 34 T), Proceedings, Am. Soc. Testing 


st, Vol. 34, Part I, p. 706 (1934); also 1936 Book of A.S.T.M. Tentative Standards, p.356. 
Ctl. 


4, 
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strength of the bottom half of the bar. In many cases, in the final cast, the vent end the A.S.’ 
of the bar exceeded in impact strength the gate end although the difference between composi 
the two was not considered significant. contami 

The die was now in such shape that one of the objectives of this experiment had Decemb 
been attained, namely, that the impact bars should possess the same strength for the other ex 


gate and vent halves of the specimen at 21 C. 

The radiographs, Figs. 10 and 11, show the impact bars to be virtually free of 
porosity. Figures 12, 13, and 14 are radiographs of round tension bars. While these 
bars show the presence of porous areas in the grip ends, the test sections are in most 
cases free of porosity. It is believed that the porosity of these bars could have been 
reduced further if there had been room in the insert die to increase the overflow well, 
The second objective was accordingly met, that the bars should be virtually free 
of porosity. 

In order to study the uniformity of the specimens, 100 impact bars of Zamak 3 
cast under controlled conditions were tested for their impact strength at both the 
gate and vent ends, making a total of two hundred tests, with the following results: 


Impact STRENGTH, FT-LB. NUMBER OF PiEces 


05C... 

Coefficient 
+0. 

A statistical analysis of these data showed that a sample size of 3 to 5 bars was Se 
sufficient to yield an average impact value within +10 per cent of the true average N+0. 
in 95 out of 100 cases, which demonstrated that the third condition for test bars had — 
been fulfilled. 

It is known that Zamak 3 as normally cast does not show any appreciable drop TLE 
in impact strength during a 95 C. steam test of 10 days’ duration. In order to deter- _- 
mine whether this characteristic resistance to steam was retained in the specimens iru: 
cast in the altered insert die, test bars were cast at a number of die temperatures and “ 
exposed in the 95 C. steam tank, with the results given in Table III. 

From these data, it will be seen that while the impact strengths for as-cast 
specimens are satisfactory for all of the die temperatures tried, namely, 150 to 250 C. 
in 10 deg. Cent. intervals, nevertheless, the steam test limits the permissible die 
temperature to a range of 150 to 220 C.1_ Above 220 C. die temperature, there is an | 
appreciable drop in impact strength during the 10-day 95 C. steam test and the impact 
values show wide variations as evidenced by the large coefficient of variations. 

The die was considered to be in its optimum condition, so far as could be deter- ae 
mined at this time, for Zamak 3, and, further tests along similar lines on three other ‘T 
Zamak alloys (including A.S.T.M. alloys Nos. XXI and XXV) showed results as 


favorable as those obtained for Zamak 3. Only the data for Zamak 5 are reported here. 
The results for Zamak 5 (A.S.T.M. alloy No. XXV) are included in this paper 
to link Part I with Part II since Zamak 5 was used in the development of the A.S.T.M. 
die (Part II of this report). 
It would have been desirable to conduct the development of the insert die and 


1 The issible die temperature range may be different for each die since there is no standardized 
procedure the determination of die temperatures. 


~ 
® 
experim: 
being st 
TaBLE I 
Date cast: 
Pressure: 1 
4 etal vem 
it = Die temper 
| 
| 
4 
7 


oN Dir DESIGN 


the A.S.T.M. die with the same alloy. However, this was not practical, if the alloy 

composition changes in the die casting pot were to be held to a minimum to avoid 

entamination of one alloy with another, since the development work extended from 

December 12, 1935, to November 4, 1936, and was conducted in connection with many 

other experimental programs. It so happened that Zamak 3 was the alloy on which 

perimental work was in progress when the insert die was altered and Zamak 5 was 
being studied when the A.S.T.M. die was being improved. 


TasLe IIJ.—TuHe EFFECT OF STEAM TREATMENT ON THE PHYSICAL PROPERTIES OF ZAMAK 3 
CasT IN THE ImpRoveD Unit Die. 

Date cast: March 4, 1936. 

Pressure: 1500 lb. per sq. in. (calculated). 


Metal temperature, 415 C. 
en 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, and 250 C. 


150 C. | 160 C. | 170 C. | 180 C. | 190 C. | 200 C. 


As Cast 


th (top or gate 
ead), ft-lb., tested at 21 + 
05 42 42 


Cudicient of variation. . 4.3 2.0 2.9 
strength (botto 
end), ft-lb., tested at 
0.5C 44 44 


1.6 1.7 


Sream Test For 10 pays 


Impact strength (top or gate 
end), ft-lb., tested at 21 + 


—E IV.—Impact STRENGTH DaTA OF ZAMAK 5 CAST IN THE IMPROVED UNIT 


ue cast: March 12, 1936. 

Pressure: 1500 Ib. per ES in. (calculated). 

Metal temperature: 410 C. 

Die temperatures: 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, and 250 C. 


Spectrmens Cast Arrer Fina ALTERATIONS TO INsERT Diz—As 


150 C. | 160 C. . | 180 C. | 190 C. | 200 C. | 210 C. | 220 C. 


ft-lb... 44 48 49 49 47 48 
4. 5.5 4.4] 14] 08] 4.0] 0.8 

=... or 


ent ated), ft-lb. 33 » 43 45 48 48 48 48 
9.0 . 11.2 1.3 2.7 0.8 0.8 


* Tested at 21 0.5 C. 


The data on Zamak 5 show that the insert die was equally capable of casting this 
y to meet the standards established for Zamak 3, namely, (1) that the castings be 
tually free of porosity in the test sections as revealed by radiographs, (2) that the 
pact bars show approximately the same strength for the gate and vent halves of the - 
«men when tested at 21 C. 

The impact data obtained on Zamak 5 cast in the altered insert die are given in 
— and radiographs of these specimens are shown in Figs. 15, 16, 17, 18, and 19. 
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CES | 
44 | 42 | 41 38 
1.3 8.7 10.1 8.7 
| 43 | 43 | 43 
1.3 1.3 2.0 1.2 a 
Exposep 95 C, 
focssttttttttttteeee:| 40 43 43 42 40 40 42 37 35 21 25 . : 
Micient of variation........ 6.2 7.7 2.3 5.7] 10.0 9.2 3.8] 17.7] 29.1] 57.5] 59.2 
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PART II 
The work done to improve the A.S.T.M. die was started following the meeting of 


Committee B-6 held at Atlantic City on July 1, 1936. At that meeting, the possibility 


of producing sound test bars of uniform and higher strength than previously secured 
in an insert die was reported. On the basis of this report it was agreed that for the 
ensuing exposure tests the dies to be used by the producers should, if possible, te 
altered to produce sounder and more uniform specimens than were used in the first 
series of tests. 
and not insert type dies, it became necessary to try to improve the A.S.T.M. die to 
the same standard attained in the unit die. 


Since some of the specimens will probably be produced on A.S.T.M. 


The A.S.T.M. die in its original form is shown in Fig. 20. The flat tension bar 


cavity was altered during the development work but the results are not discussed here 


because Committee B-6 has standardized exclusively on the use of the round bar for 


tension and elongation tests. It is recommended, however, that the flat tension bar 


4 


TABLE V.—PHYSICAL PROPERTIES OF ZAMAK 5 CAST IN THE A.S.T.M. Die, 


Date cast: July 16, 1936. 

Pressure: 1500 lb. per sq. in. (calculated). 

Metal temperature: 410 C. 

Die temperatures: 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, and 250 C. 


- | 200 C. 


| 180 C. 
Tensile strength, lb. per sq. in 47 900 
Impact strength (top or gate 
21 
Standard deviation, ft-lb 2.9 
Coefficient of variation 


Impact strength (bottom or 
vent end), ft-lb.¢ 

Standard deviation, ft-lb 

Coefficient of variation........ 


@ Tested at 21 + 0.5 C. 


cavity be retained since the casting of some such form of waster bar in this part of the 
die is believed to be essential. 

Specimens cast in this die, under carefully controlled conditions, exhibited a wide 
degree of nonuniformity in physical properties, and radiographs showed that the 
impact bars had considerable porosity. 

The A.S.T.M. die in its original form shown in Fig. 20 when operated in a modem 
die casting machine produced Zamak 5 test bars with the physical properties given 
in Table V. 

The data in Table V show that the two halves of the impact bars were about 
equal in strength but the specimens were not uniform nor did they possess the high 
impact values obtainable in the improved or altered insert die. 

Radiographs, Figs. 21 and 22, show very objectionable porosity at the vent end 
and fine voids throughout the remainder of the bars. Radiographs, Figs. 23, 24, an¢ 
25, show the round tension bars to be free of porosity in the test section and als 


throughout the remainder of the bars except for some minor voids in the vent end. 


The same line of attack used to produce sound, uniform strength test bars in the 
insert die was followed in the A.S.T.M. die, namely, making repeated changes in the 
gates, vents and overflow wells. As in the case of the insert die, the impact strength, 
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and to a lesser extent, the Brinel] hardness increased with the uniformity of the bars. 
Again, there was a slight loss in tensile strength as a result of these die changes. 
In Fig. 26 are shown the net result of the changes made in the die from its original © € 


the impact strength, uniformity, and soundness of the bars but failed to produce the © 
high degree of perfection attained in the insert die. : 
Lack of time has prevented completion of this investigation. 


inclusion of waster bars were established, by trial, to be at about their optimum. It 
is believed that to achieve the same degree of perfection in this die as had been — 
accomplished in the insert die it would be necessary to alter the major construction 
of this die. Such an operation would be time-consuming and since several die casters re 
have already requested the information on the die changes so that they can alterdies 
exposure tests, it was decided to forego any further alteration to the die at this time. —__ 
The changes made in the die can be seen by comparing Figs. 20 and 26. The 
major changes consisted of the following: 


1/4-in. Impact Bar Cavity: 

1. Gate depth increased from 0.038 in. to 0.070 in. During the tests, gates up to fos 
0.100 in. were tried. 

2. Overflow well added and increased until it had a capacity of 0.9 cu. in. 

3. Runner depth to overflow well increased from 0.030 in. to 0.070 in. _ 


1/4-in. Round Tension Bar Cavity: 
1. Gate depth increased from 0.046 in. to 0.075 in. 
). Overflow well of 0.07 cu. in. capacity added. 
3. Runner depth to overflow well increased from 0.030 in. to 0.048 in. 

Further Alterations: 
1. A3in. long by } in. wide by } in. deep cavity was cut along the outer edge of 4 
lie next to the impact cavity. ; 
2, The gate runners were increased in thickness by } in. from the sprue to the 

gates of the tension, impact, and waster bar cavities. 


*This casting has no particular value as a test specimen. It was added to the die for the purpose of 
increasing the strength uniformity of the impact bar by facilitating the maintenance of a more uniform die | 


vemperature. 

The die when altered as shown in Fig. 26 produced Zamak 5 test bars with the 
physical properties given in Table VI. 

Figure 27 shows the impact data of Tables V and VI. By means of this chart © 
the improvement in impact strength resulting from the die changes made during the — 
period of July 16, 1936, to November 4, 1936, are readily apparent. 

_ It will be noticed that the impact strength was almost doubled as a result of the 

die changes. Unfortunately, however, the gate and vent ends of the impact bar 
‘iffered materially in impact strength and all of the die changes which were tried 
— rather than decreased, the spread in strength between the two ends of 
the bars, 

The radiographs, Figs. 28 and 29, show the impact bars to be virtually free from 
tosity and Figs. 30! and 31! show only minor voids in the vent end of the round 
ision bars. Again, it is believed that the porosity in the round tension bars could 

ave been reduced had there been room in the die further to increase the overflow well. 


tc As in all former cases, five round tension bars were cast at 10 deg. Cent. intervals of die temperature 


1580 to 250 C. but only three specimens of each group, and none of the 200 C. die temperature cast, were 
radiographed. This economy was practiced in order to get the tension bars on two plates. 
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It will be seen in Table VII that the impact strengths for as-cast specimens are 
satisfactory for all die temperatures tried, namely, 150 to 250 C. in 10 deg. Cent, 
intervals. 


For steam exposed specimens the coefficients of variation are all high values with 
no indication that any restricted range of die temperature is any better than the 
entire range of 150 to 250 C. 


TABLE VI.—PuHysICAL PROPERTIES OF ZAMAK 5 CAST IN THE IMPROVED A.S.T.M. Dre. 
Date cast: November 4, 1936. 

Pressure: 1500 lb. ey in. (calculated). 

Metal temperature: 410 C. 

Die temperatures: 150. 160, 170, 180, 190, 200, 210, 220, 230, 240, and 250 C. 


150 C. | 170 C. 


Tensile strength, lb. per sq. in.| 49 100 49 200 
Impact strength (top or gate 
end), ft-lb.¢ 33 35 
Standard deviation, ft-lb 3.0 
Coefficient of variation A y 8.7 


Impact ye {bottom or 
vent end), ft-lb.*........... 

Standard deviation, ft-lb 

Coefficient of variation 


Impact strength, grand aver- 
age, 

Standard deviation, ft-lb 

Coefficient of variation 


* Tested at 21 + 0.5 C. 


TABLE VII.—THE EFrect oF STEAM TREATMENT ON THE PHYSICAL PROPERTIES 
OF ZAMAK 5 CAST IN THE IMPROVED A.S.T.M. DIE. 
Date cast: November 4, 1936. 
Pressure: 1500 lb. in. (caleulated). 
Metal temperature: 
Die temperatures: 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, and 250 C. 


| 150. 160 C. | 170 C. | 180 C. | 190 C. | 200 C. | 210 C. 220. | 200€. 240 C | 20 


Specimens Cast Arrer Fina ALTERATIONS TO Dige—As Cast 


Impact strength (top or gate 
end), ft-lb.¢ 33 33 35 34 40 
Coefficient of variation 7.9 8.4 8.7 7.1 ; : 5.1 
Impact strength (bottom or 
vent end), ft-lb.¢ 47 48 47 46 49 
Coefficient of variation 6.8 5.7 2.5 2.9 m : $ 1.8 


Specimens Exposep In 95 


Impact geoph (top or gate 
Impact {bottom or 
vent end), ft-lb.¢ : : 6. 


© Tested at 21 + 0.5 C. 


: It is assumed from these data that the die temperature casting range for Zamak 
is apparently not greatly restricted. . 


CONCLUSION 
It is clearly evident that the insert die has been altered to a higher degree of 
perfection than the A.S.T.M. die. It would, therefore, appear desirable that any new 
dies constructed for use in producing specimens for the proposed A. S.T.M. 
atmospheric exposure tests be insert dies. 
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Fic. 1.—Original Plan of Unit Die for Production of }-in. Test Bars. 


Pic. 2.—Radiograph of }-in. Impact Bars of Zamak 3 Cast at 150 C. in the Unit Die. : 
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| 
' Fic. 3.—Radiograph of }-in. Impact Bars of Zamak 3 Cast at 200 C. in the Unit Die. 
; i 
| 
| 
| a 
} Fis, 
| _ Fic. 4.—Radiograph of }-in. Impact Bars of Zamak 3 Cast at 250 C. in the Unit Die. 
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Fi, 5—Radiograph of {-in. Round Tension Bars of Zamak 3 Cast at 150 C. in the Unit Die. . 
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Hil} 


F1G. 6.—Radiograph of }-in. Round Tension Bars of Zamak 3 Cast at 200 C. in the Unit Die. 
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nit Die. is 1-Radiograph of }-in. Round Tension Bars of Zamak 3 Cast at 250 C. in the Unit Die. | *. | . 
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Fic. 8.—Net Result of Changes Made to Die from its Original Construction Shown in Fig. |. 


A-Original Die (Fig.!) B-Altered Die (Fig.8) = 

Top Strength Greater Equal Strength Bottom Strength Greoter 
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Impact Strength, ft-lb. 


150 160 86170 180 190 200 210 220 230 240 250 
Die Temperature, deg. Cent. 
Fic. 9.—Total Improvement Effected in Impact Strength by Changes in the Unit Die 
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Fic. 10.—Radiograph of }-in. Impact _ of — 3 Cast at 150 to 200 C. in the Improved 
nit Die. 


“IG, 11,—Radiograph of }-in. Impact Bars of Zamak 3 Cast at 210 to 250 C. in the Improved 
Unit Die. 
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Fic, 12.—Radiogra of }-in. Round Tension Bars of Zamak 3 Cast 


a the e Improv oved Unit Die. 
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Fic, 13.—Radiograph of j-in. Round Tension Bars of Zamak 3 Cast at 190 to 220 C. in 
the Improved Unit Die. 
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Fi, 1! 


14. of }-in. Bars of Zamak 3 Cast at 230 to 250C. 
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PG, 15.—Radiograph of }-in. Impact Bars of Zamak 5 Cast at 150 to 200 C. in the Improved 
Unit Die. 


6. 16.—Radiograph of }-in. Impact Bars of Zamak 5 Cast at 210 to 250C. in the Improved - 
Unit Die. 
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i | 


ss FG. 17,—Radiograph of }-in. Round Tension Bars of Zamak 5 Cast at 150 to 180 C. in the 
Improved Unit Die. 
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Fic. 18.—Radiograph of }-in. Round Tension Bars of Zamak 5 Cast at 190 to 220 C. in the 
Improved Unit Die. 
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7 Fic. 19.—Radiograph of }-in. Round Tension Bars of Zamak 5 Cast at 230 to 250C. in the 
Improved Unit Die. 
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Fic, 22.—Radiograph of }-in. Impact Bars of Zamak 5 Cast at 210 to 250 C. in the A.S.TM 
Die. 
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| 
; 
FiG. 21.—Radiograph of }-in. Impact Bars of Zamak 5 Cast at 150 to 200 C. in the A.S.TM. 
Die. 
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Fis, 23. '“3.—~Radiograph of 3-in, . Round Tension Bars of Zamak 5 Cast at 150 to 180 C. in the 
A.S.T.M. Die. 
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GATE 


«FG, 24.—Radiograph of }-in. Round Tension Bars of Zamak 5 Cast at 190 to 220 C. in the 
A.S.T.M. Die. 
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"IG. 25.—Radiograph of }-in. Round Tension Bars of Zamak’5 Cast at 230 te 250 C. in the 
A.S.T.M. Die. 
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| _ A-Original Die (Fig. 20) B-Altered Die (Fig. 26) 
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.21—Total Improvement Effected in Impact Strength by Changes in the A.S.T.M. Die. _ 
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_ Fic. 28.—Radiograph of }-in. Impact Bars of Zamak 5 Cast at 150 to 190 C. in the Improved 
A.S.T.M. Die. 


| Fic. 29. Radiograph of t-in. Impact Bars of Zamak 5 Cast at 200 to 250 C.in the Improved 
A.S.T.M. Die. 
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GATE END 
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4 Fic. 31,—Radiograph of }-in. Round Tension Bars of Zamak 5 Cast at 210 to 250 C. in the 
Improved A.S.T.M. Die. 
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REPORT OF COMMITTEE B-7 
ON 


LIGHT METALS AND ALLOYS, CAST AND WROUGHT 


Committee B-7 on Light Metals and Alloys, Cast and Wrought, has 
held two meetings during the year, at Atlantic City, N. J., on July 2, 1936, 
and at Chicago, Ill., on March 4, 1937. 

Since the 1936 annual meeting the committee has lost two members 
by resignation and has gained two new members. ‘The membership of 
the committee now totals 41, of whom 15 are classified as producer, 20 as 
consumer, and 6 as general interest members. 

Subsequent to the 1936 annual meeting, Committee B-7 presented to 
the Society through Committee E-10 on Standards proposed Tentative 
Specifications for Aluminum-Base Alloy Permanent Mold Castings 
(B 108-36 T) and a proposed revision of the Tentative Specifications 
for Aluminum-Base Alloy Sand Castings (B 26-33 T). These recom- 
mendations were accepted' by Committee E-10 at a meeting held on 
August 26, 1936, and the specifications appear in the 1936 Proceedings? 

Later in the year Committee B-7 presented the following recommenda- 
tions to the Society through Committee E-10: 


Tentative Specifications for Aluminum-Magnesium-Chromium Alloy Sheet and 
Plate (B 109 - 36 T) 


Revision of Tentative Specifications for: —- 
Aluminum Sheet and Plate (B 25-34T), 
Aluminum-Alloy (Duralumin) Sheet and Plate (Aluminum-Copper-Mag- 
nesium-Manganese) (B 78 — 33 T), 
Aluminum-Manganese Alloy Sheet and Plate (B 79 —- 34 T), and 


Aluminum-Alloy (Duralumin) Bars, Rods and Shapes (Aluminum-Copper- 
Magnesium-Manganese) (B 89 — 33 T). 


These new and revised specifications were accepted* by Committee 
E-10 on November 30, 1936, and appear in the 1936 Proceedings.‘ 


ml 2 submitting these recommendations to Committee E-10 on Standards, Committee B-7 reported the 
wing results of the letter ballot vote of a total of 34 ballots returned from a committee membership of 41: 
ecifications B 108, affirmative 27, negative 0, ballots marked “‘not voting’ 7; Specifications B 26, affirma- 
ve 28, negative 0, ballots marked “not voting” 6. 
: ings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 669, 674 (1936); also 1936 Book of A.S.T.M. 
eatative Standards, pp. 238, 246. 
tthe n submitting these recommendations to Committee E-10 on Standards, Committee B-7 reported results 
pop ballot vote as follows: Of a total membership of 41, 23 members returned their ballots, of whom 
‘P affirmatively, 0 negatively, and 5 members marked their ballots ‘not voting.” 
Tentati eedings. Am. Soc. Testing Mats., Vol. 36, Part I, pp. 680 to 699 (1936); also 1936 Book of A.S.T.M. 
tive Standards, pp. 252 to 266. 
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RECOMMENDATIONS AFFECTING STANDARDS © 


I. Proposed Tentative Standard.—The committee recommends that 
the proposed Tentative Specifications for Aluminum-Base Alloys in Ingot 
Form for Permanent Mold Castings, as appended hereto," be accepted for 
publication as tentative. These specifications have been prepared in 
response to a request from the light metals industry. 

II. Proposed Revision of Tentative Standard.—The committee recom- 
mends that the Tentative Specifications for Aluminum-Base Sand-Cast- 
ing Alloys in Ingot Form (B 58-33 T)* be revised as appended hereto" 
and continued as tentative. These revisions have been made in order to 
bring the specifications into agreement with present commercial practice. 

The committee also recommends that the Tentative Specifications for 
Aluminum-Base Alloy Permanent Mold Castings (B 108 — 36 T)5 and the 
Tentative Specifications for Aluminum-Base Alloy Sand Castings (B 26 - 
36 T)® be revised by the deletion of Table II which includes precision require- 
ments that were originally intended to be applicable in the chemical analysis 
of these alloys. The specifications in their revised form are appended 
hereto.® 

These recommendations have been submitted to letter ballot of the 
committee which consists of 41 members, the results being as follows: 


Affirm- 
Items ative 


I. Prorposep Tentative STANDARD 
Specifications for Aluminum-Base Alloys in Ingot Form for Permanent Mold Castings 28 


II. Proposep Revision or TenTaTIvE STANDARDS 
Specifications for Aluminum-Base Sand-Casting Alloys in Ingot Form (B 58 - 33 T) 27 


Specifications for Aluminum-Base Alloy Permanent Mold Castings (B 108 - 36 T) 29 
Specifications for Aluminum-Base Alloy Sand Castings (B 26 - 36 T) 


28 5 
ACTIVITIES OF SUBCOMMITTEES a 


Subcommittee I on Aluminum and Aluminum Alloy Ingots (D. L. Col- 
well, chairman).—This subcommittee has prepared proposed Tentative 
Specifications for Aluminum-Base Alloys in Ingot Form for Permanent 
Mold Castings and has completed the revision of the Tentative Specifica- 
tions for Aluminum-Base Sand-Casting Alloys in Ingot Form (B 58 - 33 T) 


1 Revisions of these specifications submitted to the Society at the annual meeting, see Summary of 
p. have been incorporated in the specifications. 
See p. 671. 
_ ® Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 592 (1933); also 1936 Book of A.S.T.M. Tenta- 
tive Standards, p. 243. 
* See p. 668. 


5 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 669, 674 (1936); also 1936 Book of AS.T.M. 
Tentative Standards, pp. 238, 246. 
6 See pp. 674 and 678. 
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N Licut METALS AND ALLOYS 


ssmentioned earlier in this report. The subcommittee also hasin preparation | 


cifications for aluminum-base alloys in ingot form for die castings. This — 
work will be done in cooperation with Committee B-6 on Die-Cast Metals — 
and Alloys in order that the ingot specifications will be consistent with — 
the product specifications as covered by the Tentative Specifications for — 
Aluminum-Base Alloy Die Castings (B 85 — 33 T). 

Subcommittee V on Testing Light Metals (R. L. Templin, chairman).— _ 
This subcommittee has given considerable study to various problems 
lating to the testing of light metals. Special attention has been given 
to the modulus of elasticity of sand cast alloys and the data obtained 
appear as Appendix I to this report. Other problems being considered 
by this subcommittee include hardness and the effect of speed of testing 
and foundry technique on the physical properties of light-metal alloy test — 
bars. This letter problem includes a study of the effects of test bar 
design, gating, and chilling, 

Subcommitice VI on Anodic Oxidation of Aluminum and Aluminum — 
Alloys (T. S. Fuller, chairman).—One subgroup of this subcommittee, 
under the leadership of Mr. D. Basch, has circularized various industries _ 
wing aluminum and its alloys in order to determine the requirements of — 
the trade for anodized coatings. These data are being summarized and 
“ill be used as a guide in the study of methods of testing anodized coatings. 

Another subgroup under the guidance of Mr. J. D. Edwards has 
accumulated data and information on methods of testing oxide coatings 
on aluminum which appears as Appendix II to this report. 


This report has been submitted to letter ballot of the committee 
which consists of 41 members; 34 members returned their ballots, of whom 
33have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


Sam Tour, 
Chairman, 
J. A. GANN, 

Secretary. 
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APPENDIX I 


MODULUS OF ELASTICITY OF ALUMINUM ALLOYS 


By R. L. TEmMpLIN! AND Sam Tour? 


At the request of Subcommittee V on Testing Light Metals, of Committee B-7, 
careful stress-strain tests have been made for the purpose of defining moduli of elas- 
ticity for the aluminum-base alloys covered by A.S.T.M. product specifications, 
There are at the present time the following tentative specifications of the Society, 
covering aluminum-base alloys: 


Tentative Specifications for: 


B Aluminum Sheet and Plate 

B 79-367. Aluminum-Manganese Alloy Sheet and Plate? 

B 109-36 Aluminum-Magnesium-Chromium Alloy Sheet and Platet 

B 78-367. Aluminum-Alloy (Duralumin) Sheet and Plate (Aluminum- 


Copper-Magnesium-Manganese)* 
B 89-36. Aluminum-Alloy (Duralumin) Bars, Rods and Shapes (Aluminum- 
Copper-Magnesium-Manganese)* 
B 26-367. Aluminum-Base Alloy Sand Castings* 
B 108-36 Aluminum-Base Alloy Permanent Mold Castings? 
B 85-33 T. Aluminum-Base Alloy Die Castings® 


As a result of a large number of tests made over a period of years, a modulus of 
elasticity value of 10,000,000 Ib. per sq. in. has been quite generally accepted for 
commercial aluminum (B 25 — 36 T) and for the alloy containing 1.0 to 1.5 per cent 
magnesium (B 79-36 T); and for the so-called strong aluminum alloys, containing 
greater amounts of alloying constituents, 10,300,000 lb. per sq. in. has had general 
acceptance. These latter alloys include the aluminum-magnesium-chromium alloy 
covered by Specifications B 109 - 36 T and duralumin (B 78 — 36 T and B 89-367). 
In the case of the cast alloys, however, there has not been such general agreement 
and for this reason Subcommittee V requested further information on these alloys. 

In order to provide as reliable data as possible, bars 1 in. in diameter and 14 in. 
in length were cast and each bar was examined by X-ray to insure soundness. In 
determining modulus of elasticity it is extremely important that the specimens used 
be uniform, sound, and free from defects. Specimens of the following alloys were 
prepared: 


1 Chief Engineer of Tests, Aluminum Company of America, New Kensington, Pa. 

2 Vice-President, Lucius Pitkin, Inc., New York City. _ 

3 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 685, 694, 690, 680, 674 and 669, respectively 
(1936); also 1936 Book of A.S.T.M. Tentative Standards, pp. 257, 266, 262, 252, 246 and 238, respectively. 

4 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 699 (1936). Tenta- 

5 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 641 (1933); also 1936 Book of A.S.T.M. Ten 
tive Standards, p. 348. : 
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A.S.T.M. ALLoy 
MARKED DESIGNATION 


* Heat treatment No. 2. 


No specimens of A.S.T.M. alloys GG and JJ were tested because the differences 


composition between these and alloys G and J were considered insufficient to 
fect the values of modulus of elasticity. For a similar reason it was considered 
nnecessary to test the material in more than one condition of heat treatment. 


The chemical analyses of these kars are shown in Table I, as are also the results 


tension tests. These tests were made on standard }-in. diameter test specimens 


TABLE I.—CHEMICAL COMPOSITION AND TENSILE PROPERTIES OF ALLOYs. 


Chemical Composition, per cent Tensile Elongation 
A.S.T.M. Alloy Strength, in 2 in., 
Designation Ib. persq.in.| per cent 
Iron | Silicon | Magne-| Nickel 
sium 


woe 


t from the same heats of metal as the specimen for the modulus of elasticity tests. 
¢ chemical compositions, tensile strengths and elongations all meet the require- 
nts of Specifications B 26 - 36 T. 

Duplicate tests were made on each alloy. The specimen used for the modulus 
elasticity determinations was similar to the A.S.T.M. }-in. diameter specimen 
th threaded ends, except that the reduced section was 10 in. in length. The reduced 
tion was uniform in diameter throughout its length. 

In the stress-strain tests the loads were applied using a 20,000-Ib. capacity Amsler 
draulic testing machine and the strains were measured over an 8-in. gage length by 
‘ans of a Ewing extensometer, each of which had previously been carefully calibrated 
dfound to be correct within +1 per cent. In each test, increments of stress were 


pplied and the corresponding strains were measured until the proportional limit of 


¢ material was exceeded. The modulus of elasticity values were determined by 


plotting differences between observed strains and strains calculated from a trial 


dulus, following the method described by L. B. Tuckerman.! 

The results of the tests made in this investigation are summarized in Table II. 
these tests, which were made with extreme care, the modulus values obtained on 


' Discussion by L. B. Tuckerman of poor by R. L. Templin, ‘‘The Determination and Significance of 


ty Limit in the Testing of Materials,’’ Proceedings, Am. Soc. Testing Mats., Vol. 29, Part II, 
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duplicate specimens checked within close limits. The modulus of elasticity values 
range from 10,110,000 Ib. per sq. in. (alloy L) to 10,860,000 Ib. per sq. in. (alloy K), 
While the modulus of elasticity values for these alloys average about 10,390,000 Jp, 
per sq. in., it will be noted that in only one case, that of alloy K, the modulus varies 
more than 3 per cent — the value generally accepted for wrought aluminum alloys, 
10,300,000 Ib. per sq. in. It seems reasonable, therefore, to accept for practical 


TABLE II.—Moputus or ELASTICITY. 


a of Elasticity, Variation from 
. per sq. in. 10,300; 
Alcoa Alloy AS.T.M. Alloy Designation lb. per ae 


per cent 


Specimen 1 | Specimen 2 Average 
10 275 000 


esltttl it. 


Som 


10 330 000 10 305 000 


purposes a value of 10,300,000 lb. per sq. in. for the alloys covered by Specifications 
B 26 - 36 T. 

No molds were available for making permanent-mold and die-cast specimens 
suitable for modulus of elasticity determinations and consequently no tests of these 
alloys were made. In the absence of such data it is recommended that a modulus 
of elasticity value of 10,300,000 Ib. per sq. in. be used bee the alloys covered by 
Specifications B 108 — 36 T and B 85 - 33 T. 7 : 4 
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APPENDIX IT 


REPORT ON METHODS OF TESTING OXIDE COATINGS ON ALUMINUM 2 


During recent years, the serviceable characteristics of oxide coatings 
on aluminum have received general recognition. As a result, their appli- = 
ations have increased at a remarkable rate. The oxide coatings which ~ * 
have received most attention are those produced by making aluminum and 
its alloys anode in an electrolyte such as sulfuric acid, oxalic acid, chromic ae 
acid, or other electrolytes generally acid in nature. ‘These coatings, gen- ; 
cally speaking, are of substantial thickness and are useful because of = 
their hardness and resistance to wear. Considerable attention is now being | 
aid, also, to oxide films produced solely by chemical reaction. Thin anodic | 
ilms of the type employed on electrolytic devices such as condensers, 
rectifiers, and lightning arresters, are not included in the present discussion. 

With the extended use of oxide coatings on aluminum there has come 
ademand for testing methods suitable for appraising their service char- 
acteristics. In many ways these coatings are so different from electro- 
plates, paint films and other non-metallic coatings, that special methods 
ior testing have had to be devised. The interest in this subject led to the 
ppointment by Committee B-7 of Subcommittee VI on Anodic Oxidation 

‘Aluminum and Aluminum Alloys to consider the general subject of 
nodic coatings, and a section of this subcommittee was appointed to study 
sting methods. ‘The work of this section, comprised of Messrs. H. G. — 
irlt, W. E. McCullough and J. D. Edwards, chairman, has resulted in the 
evelopment of some information on methods of testing oxide coatings 
‘hich is presented in this report. It is recognized, of course, that much of 
this work is only preliminary in nature, and it is hoped that the suggestions 

and criticisms of those interested in this field will be freely offered, so that 

‘ne development of satisfactory methods will be facilitated. 

Investigation of testing methods involved the collaboration of a num- 

t of laboratories. For the work of these cooperating laboratories, a 
‘upply of oxide-coated aluminum was produced in the plant of the Aluminum 
‘ompany of America. Enough material of each type was produced so 
‘tat the cooperating parties could work on substantially identical material 
and hence make their test results directly comparable. For these tests, 
. terials of two different compositions were chosen: the first was commer- 
‘al aluminum, known as 2S-H (the hard temper), and the second material 


San alloy, 53S-T, containing small amounts of magnesium, silicon and _ | 
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_ chromium as the alloying constituents. The latter alloy was selected be. § et @ 
cause it has been widely used with the anodic finish for architectural and snooth 
other applications. These two materials in the form of large sheets (No. 13 § dam 
gage) were anodically treated by the Alumilite process, using sulfuric acid § ™kiD2 
electrolyte. The sheets were oxidized for four different periods, so as to § it '8 & 
give samples having four different coating thicknesses. The edges of the coated 
sheet near the current-carrying clamps were then sheared off and discarded § ?3 - 
and the remainder of the sheet was cut up into test samples. plastic 


THICKNESS oF COATINGS a 


Experience in the use of oxide coatings has shown that the thickness 
of a coating may be an important measure of its suitability for some par- 
ticular application. It may be an indication of the resistance to wear 
which may be expected, the resistance to corrosion, and perhaps other 
useful properties of the coating. Methods for the measurement of coating 
thickness are therefore of primary importance, both for investigational 
purposes and for routine control work. 

Oxide coatings employed for their mechanical properties generally 
have a thickness in excess of 0.0001 in. and are less than 0.001 in. in thick- 
ness. ‘This is in contrast to the anodic films used on electrolytic devices, 
where the oxide film has a thickness on the order of 0.00001 in. In passing, 
it may be noted that paint films are usually on the order of 0.001 in. in 
thickness per coat, although films both thinner and thicker than this value 

_ are in common use. Moreover, paint films, as generally used, consist of 
two or more coats. 

. The most exact determinations of oxide coating thickness are made by 

_ direct measurement under the microscope. The sample to be measured is 
mounted and polished as for metallographic examination, so that a cross- 
section of the film is presented for examination. The thickness of the 
coating is then determined by measurement with a calibrated micrometer 
eyepiece. 


_ Measurement of Coating Thickness with the Microscope: 


The method used in the Aluminum Research Laboratories consists in 
making up a composite specimen of a number of pieces of the coated sample. 
A spacer of aluminum sheet is placed between each sample of coated sheet. 

This spacer protects the oxide coating during the polishing operation. A 
composite specimen of this type is made of two or more pieces of the coated 
sample. Each piece should be } to 3 in. in length and 2 to } in. in width. 
The pieces can be clamped together to form a pack by drilling two holes 
and using machine screws to hold the assembly together. The material 
used for spacers between the coated sheets should be annealed aluminum 
sheet if the surface of the oxidized sample is rough, or hard-rolled alummnum 
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sheet can be used and is preferred if the surface of the oxidized specimen is 
smooth. Special precaution should be taken to avoid excessive pressure 

i damping the composite specimen, otherwise the coating will crack. In 
naking metallographic specimens of samples from oxide-coated castings, 
itis desirable to place a backing-up strip of aluminum sheet against the | 
sated surface before mounting the specimen. Specimens from cast sam- | 
sles can be mounted in sulfur, Bakelite, Vinylite, Tenite, or other suitable | 
sastic material, if molding equipment is available. 

_ After a composite sample of oxide-coated sheet or cast products has 
been made, it can be polished with the same procedure as other aluminum 
gecimens. Because the oxide coating is both hard and friable, special 
care must be taken in making up a specimen in order to prevent rounding 
of the edges or fracturing of the coating during polishing. The method — 
ommonly employed for polishing aluminum specimens consists of the 
following operations: 


(a) First, a plane surface is obtained by rubbing the specimen on a mill file and > 
n Nos. 0, 00, and 000 metallographic emery paper in the order named. 

(b) Then the specimen should be polished on a rotating disk operating at about 
0 r.p.m., using a kitten’s ear broadcloth pad and No. 600 alundum flour. 

(c) The final polishing operation is carried out on a rotating disk operating a 


t 150 r.p.m. In this operation, heavy magnesium oxide powder is used on a 
tten’s ear broadcloth pad moistened with distilled water. 


After a specimen has been properly polished, it should be washed in 
warm water and blown dry. The polished surface should not be touched © 
orrubbed against anything, otherwise the finish will be spoiled. In general, 
the examination of oxide coatings on aluminum specimens is carried out on | 
unetched specimens. Etching with the reagents commonly employed for 
aluminum alloys tends to pit and dissolve the oxide coating. Since the 
ptical properties of oxide coatings are quite different from those of alumi- 
num, it is not necessary to employ an etching reagent in order to dif- 

rentiate between the oxide coating and the metal. oO 


Measurement of Coating Thickness by Stripping Method: 


An approximate measurement of film thickness suitable for routine 
control can be made by measuring the thickness of the coated piece with a 
micrometer caliper before and after removal of the oxide coating by chem- 
cal means. The problem is to find a reagent which dissolves the oxide 
“oating with suitable rapidity but which attacks the aluminum base only 
‘lowly, if at all. A method operating along these lines has been developed 
in the Aluminum Research Laboratories. In operation, a small specimen 
of the coated metal is immersed in a hot sulfuric acid solution containing 
antimony. The coating is quickly dissolved and when the bare aluminum 
tas been exposed, antimony deposits as a gray to black film and indicates 
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Details of the method are as 
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that the stripping operation is complete. 
follows: 


Apparatus —(a) A sharp pointed steel wire. 

(b) Micrometer caliper, Brown & Sharpe Catalog No. 233, with both anvil a 
spindle conically pointed and flattened to #; in. in diameter. 

Reagents.—A { N H.SQ, solution containing 2 g. per liter of antimony trioxid 
The acid functions as a stripping solution and the antimony functions as an indicat 
of completeness of stripping by deposition of antimony when bare metal is expos 

Procedure-—(a) Before making the stripping test, a qualitative test should | 
made to determine if the coating is sealed or unsealed and, if possible, the typ 
alloy. For the preliminary test, bring the stripping mixture to a boil in a Pyr 
beaker, carefully noting the volume, immerse the test piece, and watch for the anti- 
mony end point; it should be sharp but not always of the same intensity for different 
alloys. Twenty seconds after the end point is reached, remove the test piece, rins 

i water, wipe to remove the deposit of antimony, and lightly scratch the surfac 


with the sharp- pointed steel wire. If the coating has been removed, the surface will 
be readily scratched. Thirty seconds is sufficient for most unsealed coatings; sealed 
coatings will take from 30 sec. for coatings on the alloy 17S to 100 sec. for coatings 
on Alloy 525. After the type of coating has been determined, proceed as described 
in the following Paragraph (0). 

(b) Cut a small specimen from the sample to be tested (a specimen 1-in. square 
is convenient). Inscribe three circles, #; in. in diameter, number to identify, and 
measure the thickness of the test specimen at the center of the circles by means of a 
micrometer. Average the three readings. Any variations of reading greater than 
0.0002 in. should be discarded and a new reading made. Adjust the level of the bath 
to its original volume by addition of water, bring to a boil and suspend the test speci- 
men by means of a 25 aluminum wire. Care should be exercised that the wire does 
not touch any of the measured surfaces. The approximate time of stripping will 
have been determined in the preliminary test, 20-sec. immersion after the antimony 
deposit has formed should be sufficient to remove all coatings. Remove the test 
specimen, rinse quickly, wipe dry, care being used to remove the antimony from the 
surface. Measure the thickness of the test specimen at the center of the circles pre- 


by two (for specimens coated on both sides) to give thickness of _ 2 


M easurements of Coating Thickness: 


A series of measurements of coating thickness as made in different 
laboratories by the different methods is included in Table I, in order to 
give an idea of the accuracy of these methods. The agreement between 
the coating thickness as determined by the stripping method and by meas- 
urement with a microscope, is remarkably close. However, the operator 
using the stripping method had had previous experience with it, so that 
his data are representative of about the best that can be done in this way 
They are, moreover, sufficiently close for most practical purposes. 

. The stripping method gives directly what might be called the average 
coating thickness; however, if the coating varies appreciably in thickness 
from place to place, the thickness as determined by means of the micro- 
scope may well depend upon the number of readings taken and the cart 


viously inscribed, average the readings, subtract from the first average, and divide 
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ysed to select representative places for measurement. As a rule, oxide 
atings on aluminum are remarkably uniform in thickness; however, 
there may be an appreciable variation from point to point where the coated 
il and metal is an aluminum alloy, and this is particularly true in the case of 
aluminum-alloy castings. In Figs. 1 and 2 are shown sections of oxide 


oxide, coatings on commercial aluminum and on an alloy casting. 
Icator 
vosed. RESISTANCE OF OxIDE COATINGS TO ABRASION 


~* 7 The resistance of an oxide coating to abrasion, or its wearing quality, 
J 


Pyrex is frequently a matter of considerable practical importance. ‘There are a 
anti- number of factors contributing to abrasion resistance and their relation may 
erent not be a simple one. Some difficulty may be experienced, therefore, in 
rinse 

irface TABLE I.—MEASUREMENTS OF THICKNESS OF ANODIC COATINGS ON ALUMINUM. 

e will Aluminum Research Laboratories 

ealed 
tings 


ribed 


Measurement by Calipers 
Measurement by Microscope Before and After Stripping 


Thickness, in. 


Thickness, in. 
(Average of Two Sides) 


_ and Numbered Side Unnumbered Side 
of a First Set | Second Set 


than Maximum Average | Maximum | Average 


bath ’ 0.000168 | 0.000152 | 0.000168 | 0.000152 
peci- fe Xo 0.000312 | 0.000296 | 0.000312 | 0.000304 


does fo 0.000448 | 0.000440 | 0.000448 | 0.000440 
No. 0.000608 | 0.000600 | 0.000608 | 0.000592 


0.000176 0.000168 0.000176 0.000176 
0.000328 0.000320 0.000336 0.000328 


0.000480 0.000456 0.000488 0.000456 
0.000616 0.000584 0.000640 0.000624 


5: 


es 


* Samples Nos. A, B, C and D are of Alloy 2S-H; samples Nos. E, F, G and H are of Alloy 538-T. 


correlating measurements made by different methods. Furthermore, the 
characteristics of oxide coatings are sufficiently different from those of 
paint, and varnish films that methods of measurement suitable for the 
latter may not be suitable for the measurement of the abrasion resistance 
of oxide coatings. While the oxide forming the coating is intrinsically 
very hard, the coating itself possesses a certain limited degree of friability 
which must be taken into account in measuring abrasion resistance and 
its use. 

Two typical methods of measurement have been compared in this in- 
vestigation. Both of these methods measure the amount of abrasive 
lort required to wear through the coating. The one employs a rotating 
abrasive wheel and measures the revolutions required to abrade through 
the coating. The other method measures the number of grams of abrasive 
Man abrasive air blast required to penetrate the coating. 
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Abrasive Air Blast Method: 


In this method an air blast containing a powdered abrasive is directed 
against the coating until it is penetrated. Schuh and Kern,! of Bell Tele- 
phone Laboratories, have studied the variables involved in such a method 
and have devised equipment and standardized the conditions necessary to 
make this a practical method for measuring the abrasion resistance of paint, 
varnish, and lacquer films. It also seems adapted to the measurement of 
the abrasion resistance of oxide coatings. According to their recommenda- 
tions, carborundum powder of uniform particle size (170-200 mesh) is ad- 
mitted at a constant rate (24 g. per min.) to a directed stream of air under a 


Fic. 1.—Micrograph Showing a Cross-Section Through the Anodic Coating on Commercial 
Aluminum Sheet (Alloy 2S), Unetched (500). 


constant pressure of about 6 cm. of mercury, and the resulting carborundum- 
air blast is allowed to impinge upon the test surface mounted at an angle of 
45 deg. and touching the end of the air blast nozzle. The weight of car- 
borundum required to wear through the coating is taken as the abrasion 


resistance of the coating. 

Rotating Wheel Abrasiometer: | 
In this method, the number of revolutions of the test specimen against 

an abrasive wheel which are required to wear through a coating under 


standard operating conditions is taken as a measure of the abrasion re- 
sistance of the coating. In using this method, the conditions described by 


‘A. E. Schuh and E, W. Kern, “Measurement of Abrasion Resistance,” Industrial and Engineering 
Chemistry, Analytical Edition, Vol. 3, p. 72 (1931). 
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Camp' were employed. ‘The surface to be tested must be in the form of a 

fat plate which can be mounted on a turn-table revolving at about 30 r.p.m. 

\ small abrasive wheel (about 1.5 in. in diameter) is mounted at an angle 
of 60 deg. to the radius of the turn-table and rests on the coated surface 
under a constant and predetermined pressure. The abrasive wheel is _ 
freely mounted on a spindle, so that as the coated specimen revolves be- 
neath and in contact with the abrasive wheel, the wheel also revolves and, co 
being set at an angle, constantly abrades the ‘surface i in a path about 3 in. 

in width as the specimen revolves. ‘The number of revolutions of the 
yecimen required before the abrasive wheel cuts through the oxide coating — 


2.—Micrograph Showing a Cross-Section Through the Anodic Coating on a 
Heat-Treated Aluminum Alloy Casting, Keller’s Etch (500). 


s taken as a measure of the abrasion resistance of the coating. It is, of 
irse, essential that such factors as the speed of the specimen, the char- 
ter of the wheel and the pressure on it, all be carefully standardized. 

the principal difficulty, however, in the use of this method arises from 

the difficulty of maintaining constant the abrasive action of the wheel. 

The importance of this factor is well illustrated by the experimental observa- 

lions reported in Table IT. 


Measurement of Resistance to Abrasion: 

In Table II are reported series of measurements of the resistance to 
wrasion made with the rotating wheel abrasiometer method. The first 
nes of measurements reported was made with an abrasive wheel fabri- 
ted with a rubber binder. The abrasive action of this wheel was suf- 


‘ ‘A. D. Camp, ““C hipping and Abrasion Tests for Paint Coatings on Metal,’ Industrial and Engineering 
mistry, Vol. 20, p. 851 (19 28). 
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ficiently low so that substantial differences were observed in the abrasion 
resistance of different coatings, and from this standpoint the wheel was well 
adapted to differentiate between coatings of different resistance to abrasion 
It was found, however, that such a wheel rapidly lost its abrading power 
when rubbed against these hard oxide coatings; this change was notice. 
able even in a few hundred revolutions. As a result, the same wheel would 
show greater resistance to abrasion against the reverse side of the speci- 
men than it did against the side initially measured. These differences 
might be small in the case of the thinner or softer coatings, but might amount 
to as much as 100 per cent or more in the case of a thick coating. The 
ratio of abrasion resistance, as measured by the average number of revolu- 
tions of the specimen to the thickness of the coating, therefore varied 
from 14 to 318. As other measurements will show, this ratio should be 


TABLE II.—DETERMINATION OF RESISTANCE OF OXIDE COATINGS TO ABRASION BY 
ROTATING-WHEEL METHOD. 


Abrasion Resistance by Rotating-Wheel Method 


Revolutions of Ratio of Average Revolutions of Ratio of Average 
Alundum Wheel? Abrasion Resistance | Crystolon Wheel* | Abrasion Resistance 
Required to Wear to Thickness? Required to Wear to Thickness? 
Through the Coat mils X 10? Through the Coat mils X 10* 


) 
10 270 28 060 


@ The alundum wheel was made with rubber binder to give low abrasive effect; the crystolon wheel was made with hard 
inorganic binder to give increased abrasive effect. 


- + The thickness values used in calculating this ratio are given in Table I under the column headed “ Measurement by 
icroscope.” 


© The second value in this column is for a measurement made on the reverse side of the coating. 
more nearly constant, and the observed variation is largely due to the re- 
duction in abrasive action of the wheel with continued operation rather 
than to any such variation in the hardness of the coating. 

To minimize this loss in the cutting action of the wheel, a fused alumina 
wheel made with a hard inorganic binder instead of the rubber binder was 
substituted, and the wheel and the specimen were lubricated with kerosine 
during the operation of the test. With this hard wheel, the number of 
revolutions required to cut through the coating was substantially reduced 
and, although more difficulty was experienced in observing the end pot, 
much more consistent results were secured in this way. The ratio of 
abrasion resistance to thickness of coating was more nearly constant with 
the different coatings and in this respect resembled the measurements made 
by the abrasive air-blast method. 

: While it might be possible, by selecting a hard abrasive wheel, to make 
the rotating wheel method suitable for the measurement of the abrasion 
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warrant against its use when the more readily reproducible abrasive air- 
blast method is available. 


The resistance of the same series of oxide coatings to abrasion was | 


measured by the abrasive air-blast method in two different laboratories; | 


TasLE II]—RESISTANCE OF OxIDE COATINGS TO ABRASION AS DETERMINED BY THE 
ABRASIVE AtR-BLAST METHOD. 


Tests by Bell Telephone Laboratories Tests by Aluminum Company of America 


Grams of 
Carborundum Required 
to Wear 
Through Coat 


Ratio of 
Abrasion 
Resistance to 
Thickness, 
in mils X 10? 


Grams of 


Alundum Required 


to Wear 


Through Coat® 


Ratio of 
Abrasion 
Resistance to 
Thickness, 
in mils X 10? 


28 
30 
1.97 


73 
73 


110 


2.63 


163 160 


No. H-6 160 162 


2.67 


Average......... 


2.54 


‘The method, as operated by the Bell Telephone Laboratories, employs 180-mesh carborundum in an air blast under a 
ure of 10cm. of mercury. The spccimen is set in contact with the end of the air-blast nozzle at an angle of 45 deg. through 


¢ vertical nozzle. The first two abrasion values in each horizontal column were measured on the front of the specimen, the 
weond two values on the reverse side. 


method, as operated by the Aluminum Company of America, employs 180-mesh alundum in an air blast under a 
pressure of 5.17 cm. of mercury (approximately 1 Ib. per sq. in.). The nozzle is set + in. from the surface of the specimen and 
with the specimen at an angle of 45 deg. to the vertical nozzle. The four values in the first horizontal column for each specimen 
vere measured on the front face of the specimen, the second column of four on the reverse side. 


the results are given in Table III. The apparatus used differed in me- 
chanical details, and there were differences in the operating conditions, as 
indicated by the footnotes to Table III. Nevertheless, the results from the 
‘wo laboratories are in fairly close numerical agreement. Because of 
substantial differences in the experimental conditions, the question may 
well be raised as to whether this agreement is not accidental. The work 
of Schuh and Kern was confined to the measurement of the resistance of 


sion resistance of oxide coatings, the mechanical difficulties of maintaining the _ | 
well wheel true and with a satisfactory cutting face are sufficiently real to 
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lacquer, varnish, and enamel films to abrasion and the relative importance 
of the various test conditions may be substantially different when the test 
is employed on oxide coatings than when it is used to measure the resistance 
of softer paint and varnish films. For example, Schuh and Kern found 
that increasing the air pressure from 5 cm. to 10 cm. of mercury cut in 
half the weight of abrasive required to wear through a lacquer coating. 
They also found that raising the nozzle from the specimen increased some- 
what the weight of abrasive required to penetrate a lacquer coating. 

In the tests just described, the higher air pressure employed by the 
Bell Telephone Laboratories might be expected to lower substantially the 
weight of abrasive required, and this should more than compensate for 
the effect of raising the nozzle from the specimen, as was done in the equip- 
ment employed in the laboratory of the Aluminum Company of America. 
In the one series of tests, carborundum was employed as the abrasive and 
in the other alundum. The numerical coincidence, therefore, of the results 
from the two laboratories may not be significant. However, the ratio of 
abrasion resistance to thickness, as indicated in Table III, shows good 
correspondence by the two methods. The values for the two thinnest 
coatings are slightly lower than the ratios for the thicker coatings. They 
are close enough, in any case, to suggest that the resistance to abrasion is 
substantially proportional to the thickness of the coating, and increases 
somewhat as the total coating thickness increases. 


ILECTRICAL BREAKDOWN VOLTAGE 


One of the potential uses for oxide coatings is in the insulation ol 
electrical conductors. In certain applications, the chemical resistance and 
incombustible character of the oxide coating combined with dielectric 
strength are very desirable. An A.S.T.M. method of test for the deter- 
mination of dielectric strength! is available for the measurement of the in- 
sulating value of oxide coatings. The method, as applied to an oxide- 
coated sheet of aluminum, simply involves making an electrical connection 
to the sheet at one edge, after scratching through the oxide coating, and 
then placing an electrode in contact with the coating, applying an emf. 
and increasing it at a uniform rate until the oxide coating breaks down and 
is punctured by the electrical discharge. 

It is customary to use a flat-faced electrode of substantial area in test- 
ing insulating varnish films. As might have been anticipated, the break- 
down voltages of these oxide coatings measured in this way were found to 
depend in an important degree on the area contacted by the electrode. 
The largest electrode gave the lowest breakdown voltage (see Table IV). 


_ 1 This test is described in Sections 11 to 15 of the Tentative Methods of Testing Varnishes Used —_ 
trical Insulation (A.S.T.M. Designation: D 115-36 T) of the American Society for Testin) or 
Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1039 (1936); also 1936 Book of A.S.T.M. Ten 
Standards, p. 1028. 
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The oxide coatings apparently have points of weakness, at which break- 
down occurs, and these points may be of relatively small area and of sub- 
stantially lower breakdown voltage than most of the coating. If they are 
few in number, the chance of hitting one with the point contact of the ball- 
shaped electrode is small, but increases as the area of contact of the 
dectrode is increased. For most practical purposes the minimum break- 
down voltage is of primary interest and this can be readily ascertained by 
employing a flat electrode of appropriate contact area. In this connection 
the relation between the size of the test specimen and the area of the flat 
dectrode is an important factor. An electrode should be selected with 
which it is possible conveniently to explore most of the surface of the test 
specimen and at the same time make a sufficient number of measurements 
to obtain a true estimate of the general character of the oxide film. In the 


TABLE IV.—DIELECTRIC BREAKDOWN VALUES IN VOLTS, 60-CYCLE 
ALTERNATING CURRENT. 


General Electric Co. Aluminum Research Laboratories® 


Ball-Shaped Flat Electrode, | Flat Electrode, Ball-Shaped 
Electrode, Contact Area Contact Area Klectrode, 
Point Contact of 1 sq. in. of 2.5 sq. in. Point Contact 


220 
238 
220 
256 
220 
220 
256 
330 


*In making these measurements, the potential was not increased continuously after the initial application but step-wise 
steps of 110 v. These data, as well as the other values in the table, are the averages of a number of individual observations. 


current study 4 by 4-in. specimens were used. From the viewpoint con- 
sidered and in the light of the data obtained, it appears that an electrode of 
from } to 1 sq. in. is quite satisfactory for test specimens of this size. 

The breakdown voltage may also be used as a method of measuring 
the film thickness of the coating. For this purpose a spherical-tipped 
electrode providing point contact with the surface of the coating might be 
employed. In this case the data indicate that, excluding the breakdown 
values obtained from the 2.5 sq. in. flat electrode, the breakdown voltage 
varies directly with the film thickness. 

In addition to giving a good approximation of film thickness, a break- 
down test might be quite adequate for exposing erratic behavior of the film 
resulting from porosity, non-uniformities in film thickness, processing 
conditions and the nature of the alloy. For this purpose a flat electrode 
should be employed. It is interesting to note in this connection that even 
the thickest films contain weak spots as revealed by the data obtained with 
the 2.5 sq. in. electrode. The photomicrographs, Figs. 1 and 2, illustrate 
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the fact that the breakdown voltage might vary from point to point for 
reasons outlined above. 
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CONCLUSION 


The foregoing report, of course, deals only with a part of the methods 
available for measuring the properties of thickness, abrasion resistance, 
and electrical breakdown voltage of oxide coatings on aluminum and, of 
course, further experience with the methods presented will be necessary 
before standardized conditions of operation can be established and the 
accuracy of the methods adequately appraised. Furthermore, it is rec- 
ognized that other methods, particularly for control purposes, are de- 
manded by industry and will have to be developed to meet these require- 
ments. ‘This report, therefore, should be considered as a progress report 
in this rapidly developing field. 


Respectfully submitted on behalf of Subcommittee VI, a 


Junius D. Epwarps, 
Chairman. 
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* REPORT OF COMMITTEE C-1 
ON 
CEMENT 


Although Committee C-1 on Cement held but one meeting during the — 
past year, much has been accomplished and the work now in progress in- — 
dicates that there will be much data available at the 1938 meeting of the | 
Society, which may result in further recommendations to the Society. 
The interest of the public in all types of hydraulic cements, and especially _ 
in more critical test methods and requirements, has been reflected in the © 
committee’s activities. 


Recommendations A ffecting Standards: — 


As a result of the year’s work, the committee is submitting one new 
pecification, a revision of two tentative standards, revisions for immediate 
adoption in two standards, and the adoption as standard of a portion of 
an existing tentative standard as outlined in subsequent sections of the 
report. The standards covered by these recommendations are listed in 


the table showing the results of the letter ballot vote, given at the close 
of the report. 


High-Early-Strength Cements: 


The Sponsoring Committee on High-Early-Strength Cement (M. A. © 
Swayze, chairman) has nothing of particular interest to present at this 
ime. At the last meeting of the Society the committee recommended the 
adoption as standard of the Specifications for High-Early-Strength Port- 
and Cement (C 74-36) after certain revisions. The revision of most 
moment was that concerning the definition. In the standard as it now 
appears additions, other than calcium sulfate and/or water, not exceeding 
| per cent are permissible provided they are shown not to be harmful 
through tests prescribed and carried out by Committee C-1. In the 
“ction of this report dealing with the work of the Cement Reference 
laboratory, more regarding this phase of the work of Committee C-1 will 
be given, but it is desirable here to call attention to the fact that the com- 


iuittee is now testing one addition to cements which have been produced 
at three mills. 


Masonry Cements: 


The committee is not yet ready to make any changes in the status of 
the Tentative Specifications for Masonry Cement (C 91-32 T). It is 
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recommending that these specifications be retained as tentative for another [ Blendec 
_ year. During the past year a revision of the Federal specification fo; TI 
this commodity has become effective. The Federal standard contains man) 1] 


several requirements not included in the Society’s specifications and de. 
mands considerably higher strengths. As a result, much discussion and 
study have arisen and it is rather desirable that before any changes be 
made in the Society’s standard the reactions to the requirements of the 
lederal standard should be followed. 

The extended use of cements containing predominating amounts of 
slag for the setting of masonry has led the sponsoring committee to gather 
data for use in preparing a specification for this type of cement. The 


first draft of such a proposed standard is now being critically studied. ‘ 
The Sponsoring Committee on Masonry Cement (H. D. Baylor, take p 
chairman) has revised one of the early standards of the Society, namely, § in4 ir 
the Standard Specifications for Natural Cement (C 10-09). The com- & gre t 
mittee is recommending the withdrawal of this old standard and the im § 
mediate adoption of the new revised specifications appended hereto, and & /imem 
accordingly asks for the necessary nine-tenths vote at the annual meeting I 
in order that this recommendation may be referred to Society letter ballot. § the d 
hene 
9 
Portland Cements: > ig Ci 
The committee is recommending the deletion of Section 3 on fineness I 
from the Standard Specifications for Portland Cement (C 9 ~ 30).? This the g 
paragraph covers the use of the No. 200 sieve for the determination of § "P% 
the fineness of portland cement. Cement made according to present § 
processes has such a slight residue on this sieve that the residues no longer § 
have any significance as a measure of true fineness. The Sponsoring Com- § 
mittee on Portland Cement (W. H. Klein, chairman) is giving thought to result 
both the need of any requirements for fineness in cement specifications and § “Ve 
7 to observing the use and results of the turbidimetric measurements speci- ut 
1 fied in the Standard Specifications for High-Early-Strength Portland 


- Cement (C 74-36). This Sponsoring Committee has no other recom- 
mendations to make at this time. It is following very closely the investl- 
gations being carried out by the working committees studying volume 
changes, particularly those changes resulting from steam treatment at 
high pressures and temperatures, and the use of plastic mortars. The de 
letion of Section 3 in Standard Specifications C 9, mentioned above, }s 
| recommended for immediate adoption and the committee accordingly asks 
for the necessary nine-tenths vote at the annual meeting in order that 
this recommendation may be referred to letter ballot of the Society. 


t 

1 These revised specifications were adopted as standard by the Society and appear in the 1937 Supplemen 

to Book of A.S.T.M. Standards, p. 52.—Eb. . ‘ Supplement 
This revision was adopted by the Society and the revised specifications appear in the 1937 5upP 


to book of A.S.T.M. Standards, p. 49. 
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On CEMENT 


Blended Cements: 


The Working Committee on Blended Cements (R. E. Roscoe, chair- 
nan) has fulfilled*its promise of having ready for presentation to the 
Society proposed Tentative Specifications for Blended Cements, which are 
pended hereto.! The increasing marked interest in such cements has 
made it rather imperative that the committee have the standard available 
stan early date, and it is gratifying to note the progress made. The wide 
variety of materials used in this cement has not lessened the troubles of 
atying out this work. The attempt to cover such a wide variety in one 
tandard and to base an acceptance strength requirement on a concrete 
st will no doubt lead to considerable discussion of these tentative speci- 
ications. Such discussion will be welcome, but it is hoped that those who 
take part will have in mind the problems which confronted the committee 
ad in offering adverse criticism on any portion of the standard will be 
ure to offer something constructive. 


rimeness: 


It will have been noted above that the committee is recommending 
te deletion of the requirement for the use of the No. 200 sieve for the 
eness test prescribed in the Standard Specifications for Portland Cement 
9-30). The reasons for this action are given in the report by the Work- 
ug Committee on Fineness (J. C. Pearson, chairman) appended hereto. 


It can be clearly seen from the report of the Working Committee and — 


the general testing procedure that the tendency at the present time is to 
press fineness in so-called specific surface. ‘There are faults in such a 
wocedure and the committee is well aware of them. But with the de- 
ase in the average size of the particle which has been brought about 


y modern grinding methods and which has rendered meaningless the — 
‘sults obtained with the No. 200 sieve (and for many cements the No. 325 | 


eve) some new method was needed and expressing fineness as the area per 
uit weight had considerable to commend it. 

In the present transitional stage, the Society’s standards for hydraulic 
ments exhibit quite a difference in fineness requirements. The specifi- 
itions for natural cements (C 10) still requires the No. 200 sieve; those 
t high-early-strength cement (C 74) as well as the newly proposed ten- 


‘live specifications for blended cements require that fineness be deter-— 


uned by the use of the turbidimeter; while the specifications for portland 


ment (C 9) after revision this year will contain no requirement covering — 


iméss. These facts illustrate the need for the active work which the 


"orking Committee on Fineness is pursuing. In the meantime, the com-— 


: "ee recommends the continuance as tentative for another year of the 
“tative Method of Test for Fineness of Portland Cement by Means of 
 Turbidimeter (C 115 - 34 T). 


ad The tentative specifications, see page 291, were not accepted by the Society at the annual 
ng. are being given further consideration in the committee.—Eb. 
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Plastic Mortars: 


The committee is recommending the adoption of the revisions pro- 
posed by the Working Committee on Plastic Mortars (©. L. Moore, chair. 
man) in the Tentative Method of Tests for Compressive Strength oj 
Portland Cement Mortar (C 109-34 T). These revisions cover Sections 3. 
4(b), 6, 10, 13, and 14 of the methods. The reasons for the proposed 
changes are given in the appended report of the Working Committee, 
The committee further recommends the retention of the revised methods. 
appended hereto,' as tentative for another year. 

The Working Committee will devote its activities during the coming 
year to trying out a concrete instead of a mortar as an acceptance test for 
cement. This is referred to briefly in the report of the Working Com- 
mittee. What work has been done so far clearly indicates that this con- 
crete is far more plastic than the mortar defined in the Tentative Methods 
C 109-34 T. In spite of its containing aggregate passing a 2 in. and 
retained on a No. 4 sieve, it can be readily molded into a 2-in. cube and 
yields a specimen but little subject to water losses through bleeding during 
the setting of the cement. While many may feel that a 1:5 by weight 
“gap graded” concrete is far from an average concrete, yet it is decidedly 
nearer to such than a 1:3 mortar. The use of the concrete as an acceptance 
test for cement has much to commend it and the securing of standard 
materials for such a purpose offers no really great difficulties. 


Volume Changes: 


The Working Committee on Volume Change and Soundness of Port- 
land Cement (H. F. Gonnerman, chairman) has been actively continuing 
its studies of volume changes induced by subjecting bars of plastic paste 
after the first 24 hr. hardening under normal conditions to a period of 
treatment at elevated steam temperatures and pressures. ‘The need for 
further intensive studies of the effect of such treatment is shown by the 
recent announcement of the majority of the cement manufacturers of the 
country through the Portland Cement Association, that very shortly the 
members of the Association will ship no cement which has been found to 
have an expansion in excess of 1 per cent when subjected to a high-tem- 
perature — pressure treatment developed by the Association. An outline 
of the test is appended to this report.? 

The chairman of the Working Committee has reported that since 
the last report the Working Committee has been making further studies 
of the autoclave test, particularly with a shorter steaming cycle. The 
data presented in the report of last year* were based on total steaming 
cycles of 24, 48, and 72 hr. and a maximum temperature of 350 F. (175 C.). 

1See p, 726. 


2 See p. 290. 
+ Proceedings, Am. Soc. Testing Mats. Vol., 36, Part I, p. 225 (1936). oe 
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The desirability of having a shorter period for an occdiented test led to 
the investigation of a shorter cycle which has been used during the current 


ear. This cycle comprises a total period of 5 hr. in the autoclave and 


dudes a I-hr. rise to the maximum temperature of 420 F. 


br. cooling period. Recent studies have included a comparison of this _ 
Je with the longer periods at 350 F. (175 C.) described in the former 


report. Some tests were also made using a 3-hr. cycle holding the speci- 
mens 1 hr. at the »naximum temperature of 420 F. (215 C.). 


Attention has been given to the development of suitable equipment 


carrying out autoclave tests in accordance with a definitely prescribed _ 


procedure. Since such equipment is now available commercially, the - 


aboratories which has for its main objective the development of a suitable 


standardized procedure for making such tests. Among the variables to 


be studied in this cooperative series are the maximum temperature and 
duration of the steaming cycle, length of specimens, age at test, consistency 
{the mix, time required for cooling the specimens before measuring for 
lngth, and the uniformity of results obtained in different laboratories on 
the same cements and on specimens tested on different days. 


Chemical Analysis: 
The Working Committee on Methods of Chemical Analysis (W. C. 


Hanna, chairman) has been actively pursuing its work of trying out new 


methods in cooperation with cement chemists throughout the country. 
ts work has advanced to such a degree that it recommends the adoption 


s standard of Sections 1 to 10 of the Tentative Method of Chemical Anal- — 


sof Cement (C 114-35 T), after some thereby 


sting Portland Cement (C 77 -32),! mostly editorial in nature. The 


ick methods of determining magnesia as given in Sections 11 to 14 of 


Methods C 114 — 35 T will be retained as tentative for another year. Pro- 
tdures for the determination of manganese and phosphorus, as appended 


reto,? are being recommended for publication as tentative for inclusion 


Methods C 114. 


The Working Committee has inaugurated a comprehensive cooperative _ 


ly of methods of determining the oxides of sodium and potassium in 
ment, and has given thought to developing methods for determining 
ides, free lime, and ferrous iron. A report of the Working Committee, 


uding the new methods for determining manganese and phosphorus, is — 
ppended hereto. Copies of the methods being used for the determination — 


the alkali oxides can be secured by addressing the chairman of this 


tking Committee. 


This recommendation was So e by the Society and the revised methods appear in the 1937 Supple- a 
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Cement Reference Laboratory: 
The report of the Cement Reference Laboratory accompanying this 
report tersely shows the activity of this laboratory. Particular attention js 
called to the increased number of laboratories desiring inspection in the 
present fifth tour and to the inauguration of the work which Committe C-1 
has given the laboratory of determining whether an addition other than 
calcium sulfate and/or water to high-early-strength portland cement js 
harmful. The laboratory also distributed a sample of cement to a large 
number of laboratories which had expressed a desire to engage in the co- 
operative tests. The results are presented in a report prepared by the 
Cement Reference Laboratory. Pending a collation of comments from 
the laboratories which engaged in that test, none are offered herewith, 
excepting that it is quite evident that better agreement among laboratories 
was obtained than in possibly any other previous cooperative tests. 


_ Tests of Additions to Cement: 


It was necessary to create the new Subcommittee on Tests of Additions 
to Cement as a result of the adoption of the revised Standard Specifications 
for High-Early-Strength Portland Cement (C 74-36). The duties of 
this subcommittee were to determine the tests needed to find out whether 
an addition was harmful, in a general way to outline the test procedure and 
after completion of the tests to analyze the data, and finally decide whether 
the additions under investigation were not harmful. This subcommittee, 
under Inge Lyse, chairman, held an organization meeting at the laboratory 
of the Pennsylvania State Highway Department on August 31, and Sep- 
tember 1, 1936. Present at part or all of the meetings were: Messrs. F. H. 
Jackson, H. S. Mattimore, C. H. Scholer, and Inge Lyse of the subcom- 
mittee, Mr. P. H. Bates, chairman of C-1 Committee, Messrs. C. L. War- 
wick, G. E. Warren, Cloyd M. Chapman, G. L. Lindsay, C. T. Raber and 
J. R. Dwyer. Mr. Dwyer acted as secretary of the subcommittee. A 
proposed general program of tests for additions to cement was prepared. 
The details of the test methods and procedures were left to a considerable 
extent in the hands of the Cement Reference Laboratory. ‘The items of 
the test program included: 

1. Sampling of the cements, with and without additions, 

2. Fineness of the cements, 


. Percentage of addition, 
. Standard cement tests, 
. Storage tests, 
. Age of concrete, 
7. Types of test specimens, cylinders and mortar beams, : 


. Concrete mixes, 
. Air voids determination, 


1See Report on Cooperative Tests of Portland Cement Comparative Sample, C.R.L. No. 1, published ia 
ASTM Buttetin, December, 1937. 
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. Consistency of concrete, 
. Freezing and thawing of mortars, 
. Sulfate resistance, 
. Volume changes, 
. Bleeding, and 
. Water solubility. 
The Cement Reference Laboratory is making tests of one type of — 
addition to three brands of high-early-strength portland cement and it has © 
received inquiries regarding such tests from several other concerns. . 


Recommendations A ffecting Standards: 

The recommendations appearing in this report have been submitted 
to letter ballot of the committee which consists of 71 members; the results 
being as follows: 


Items 

tions 
ti I, Proposep Tentative STANDARD 

1ons yeifications for Blended Cements 
of II. Proposep Revisions or Tentative STANDARDS 
th ethod of Test for Compressive Strength of Portland-Cement Mortars (C 109-34 T)........ 
“ther Wetod of Chemical Analysis of Portland Cement (C 114 - 35 T), new procedures for determining 
: and manganese and phosphorus in cement 
ther III. Proposep Revisions or STanDARDS 
7 Specifications for Portland Cement (C 9 - 30), immediate adoption” 


Specifications for Natural Cement (C 10-09), immediate adoption 


ttee, 
tory IV. Apoprion or Tentative STANDARD AS STANDARD 
LLOr) tthod of Chemical Analysis of Portland Cement (C 114-35 T), Sections 1 to 10 as modified 
Sep- — 63 0 
" The classified vote on the Proposed Tentative Specifications for Blended Cement was as follows: Affrmative: 17 pro- 
rs, 15 consumers, 10 general interests; negative: 10 producers, 4 consumers, 3 general interests. |The recommendation for 
ation as tentative of these specifications failed of approval at the annual meeting of the Society. 
’ The classified vote on the adoption of the proposed revision of the Standard Specifications for Portland Cement (C 9 - 30) 
ru vaio Affirmative: 27 producers, 19 consumers, 11 general interests; negative: 2 producers, 2 consumers, 4 general 


This report has been submitted to letter ballot, of the committee which 
consists of 71 members; 62 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, oe 


P. H. BATEs, 
L.W. Water, 
Secretary. 
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REPORT OF WORKING COMMITTEE ON FINENESS 
At the meeting of Committee C-1 on July 1, 1936, a proposal to includ : 
in the cement specification a wet method for determining the residue of J ble i 
cement on the No. 200 sieve was introduced by the Port of New York 
Authority, represented by Mr. Sinnickson. This proposal was referred to 
the Working Committee on Fineness, which in the meantime has given 
careful consideration to the method. While the committee recognizes the 
advantages of the wet method in the saving of time and labor as compared 
with the dry method, it wishes to emphasize the point to which attention 
has been called by practically all investigators in this field; namely, that all 
portland cements are now so finely ground that sieve residues are meaning- 
less, except for certain control operations in the manufacturing process. 
Therefore, the Working Committee recommends that the time-honored 
requirement for a fineness test on the No. 200 sieve, by either wet or dry 
~ methods, be now abandoned. 
This recommendation for the withdrawal of the fineness test of cement 
on the No. 200 sieve is based on the information and data given in the 


perce! 


following Paragraphs | to 5: 
1. Data from fineness tests of cement that have been presented to the 
committee on numerous occasions, of which the following tabulation is a 
typical example: 


RANGE IN No. 200 SIEvE RANGE IN 
SpeciFic SURFACE, No. 200 Sieve RESIDUE, SpEciFic SurFACce, 
SQ. CM. PER G. RESIDUE, PER CENT - PER CENT SQ. CM. PER G. 


1440 to 1480 : 14.2 ~§te 2. 1700 to 2610 
1700 to 1750 7.4 5. 1730 to 2260 
pk. 6.8 .6to 5. 1440 to 2480 
py) ee 6.1 Ito 7. 1700 to 2520 


Ato 7. 1470 to 1730 
.6 to 14.2 1450 to 1480 
The table shows that sieve residues in the finest group as indicated by 
specific surface overlap those in the coarsest group, and that a very wide 
range of sieve residues correspond to any given value of specific surface, 
and conversely. In other words, the sieve residues bear little or no relation 
to the fineness as indicated by specific surface. 

2. Closed-circuit grinding, now common in the industry, lowers very 
materially the No. 200 sieve residue as compared with open-circuit grinding, 
for any given value of specific surface. 

3. It is assumed that the committee desires to recognize the technical 
advance that has been made in measuring the fineness of normal and high- 
early-strength cements, and that it will accordingly be willing to discard 
hopelessly outmoded and ineffective test methods. : 
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On FINENESS 


4. Organizations other than this Society are abandoning the No. 200 
jeve test in their cement specifications. 

5. The general opinion is that the present fineness requirement in the 
ment specifications has been meaningless for many years. ‘This require- 
nent should either be eliminated, or if a fineness test is deemed necessary 
bya majority, it should be replaced by some method that furnishes depend- 
ible information on particle size distribution, specific surface, or minimum 
percentage of some fine fraction designated by maximum particle size. 


Respectfully submitted on behalf-of the working committee, 


J. C. PEARSON, 


Chairman, 


ten 
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_ REPORT OF WORKING COMMITTEE ON PLASTIC MORTAR TESTS 


The Working Committee on Plastic Mortar Tests is giving considera. 
tion to a proposed concrete compressive strength method and is submitting 
herewith revisions in the Tentative Method of Test for Compressive 
— of Portland-Cement Mortars (A.S.T.M. Designation: C 109 


7 Proposed Concrete Test: 


A description of the proposed concrete test was presented in June, 
1936, to the members of the Working Committee. After considerable 
correspondence and experimentation an outline of tests has been agreed 
upon and sixteen laboratories are now participating in a cooperative series 
of tests. The investigation covers two mixes, each having one part by 
weight of cement to about five parts of other solids. One of these mixes 
was proposed by P. H. Bates and the other by J. C. Pearson. Gravel of 
low absorption (0.4 per cent) graded from No. 4 to 3 in. in size and standard 
Ottawa sand graded between sieves Nos. 20 to 30 are used in specified 
quantities in both mixes. In addition, the Bates mix will contain a specified 
weight of potter’s flint while the Pearson mix will contain a given weight of 
Ottawa banding sand. A cement-water ratio by weight of 1.88 (W/C = 
0.8 by volume) is specified. A given consistency as determined by the one- 
half size slump cone will be required and will be obtained by changing, if 
necessary, the cement paste content. The regular mix specified in Meth- 
ods C 109 will be included for comparative purposes. Flow tests using 
the 10-in. flow table and a Burmister flow trough, as modified by Lewis 
H. Tuthill, will be made in order to study the suitability of these apparatus 
for measuring consistency. Three samples of portland cement, a standard 
cement, a high-early-strength cement and a moderate-heat cement will be 
used. The test specimens will be 2-in. cubes and the test periods 1, 3, /, 
and 28 days, tests to be repeated on three days. The cement, low absorp- 
tion pebbles, potter’s flint, and banding sand will be prepared and dis- 


tributed to the participating laboratories which will furnish the standard 
Ottawa sand. 


_ Recommended Revisions of Mortar Test Method: 


In December, 1935, a copy of the proposed 1 revisions in Sections 3, 
4 (b), 10, 11, 13 and 14 of the Tentative Method of Test for Compressive 
"Strength of Portland- Cement Mortars (C 109-34 T)! was presented to 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 743 (1934); also 1936. Book of A. S.T.M." Tentative 
Standards, p. 393. , 
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On Prastic Mortar TEstTs 


Committee C-1 and discussed. The proposed revision of Section 3 on 
molds was based primarily upon studies made by the Cement Reference | 
laboratory, which studies were not finished at that time but have since 
heen published in a paper entitled “Effect of Departure from Planeness of 
Bearing Surfaces on the Compressive Strength of 2-in. Mortar Cubes,” by 
].R. Dwyer.!| These completed studies support the requirements of the — 
proposed revision. 

The change in Section 4 (b) on testing machine involves a revision 
{the footnote and was suggested by H. F. Gonnerman to improve the 
accuracy of centering 2-in. cubes when using a 3}-in. upper bearing block 
convenient in testing larger specimens. In Section 4 (0) it is stated that 
the diagonal or diameter of the spherical upper bearing block shall be only 
dightly greater than the diagonal of a 2-in. cube while in the footnote it is 
stated that 3§ in. is satisfactory, etc. Experience shows that this diameter 
ior the upper bearing block is too large for accurate centering of 2-in. cubes 
unless the lower bearing block is smaller. Since machine manufacturers are 
supplying lower filler bearing blocks in several diameters to suit the size of 
the specimen, the proposed change in the footnote is an improvement and 
brings the method in line with practice. The description of the tests for 
seve analysis of graded Ottawa sand in Section 7 has been considerably 
improved. 

The proposed revisions of Sections 10, 11, 13 and 14 are based upon 
rather complete studies presented to the committee in December, 1935, 
port. The principal revision is that of Section 11 introducing more 
ienite methods of molding specimens. The proposed changes in Sections 

), 13 and 14 are principally changes in wording to clarify the meaning of 
the sections. More recently, the Federal Specifications Executive Com- 
mittee has included a compression test in its Federal Methods for Sam- 
pling, Inspection, and Testing of Hydraulic Cements (SS-C-158) and has 
opted methods of test similar to those in the Tentative Standard C 109. 

In addition to the above changes a new Section 1 on Scope has been 
aided to the methods which has changed the section numbering. All of 
the changes discussed above have been incorporated in the completely 
revised methods appended hereto? and the Working Committee by unan- 


mous vote recommends that the methods = revised be continued as 
tentative for another year. 


Respectfully submitted on behalf of the Ww Working Committee, 


O. L. Moore, 
Chairman. 


Reeds Am. Soc. Testing Mats., Vol. 36, Part II, p. 351 (1936). 
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_ REPORT OF WORKING COMMITTEE ON METHODS OF CHEMICAL 
ANALYSIS OF PORTLAND CEMENT 


In previous reports there have been discussed the criticisms which had 
been received of the Tentative Method of Chemical Analysis of Portland 
Cement (C 114-35 T).! However, no further suggestions have been 
received since the 1936 report.? Since there seems to be general satisfaction 
with the method, the Working Committee recommends that Sections 1 to 10, 
inclusive, of Method C 114-35 T be adopted as standard with certain 
minor revisions of an editorial nature and incorporated in the Standard 

_ Methods of Sampling and Testing Portland Cement (C 77 — 32)? to replace 
Sections 8, 9, 10 and 11 of Methods C 77.4 

. It is recommended that Sections 11 to 14, inclusive, of Method 
C 114-35 T, which describe two methods for the rapid determination of 
magnesia, be continued as tentative for another year. No criticism of 
these two quick methods has been received, but it is believed that they 
should be retained as tentative methods a while longer. It is hoped that 
the members of Committee C-1 will study them and let the Working 
Committee have the benefit of any criticism that they may wish to make. 


Study of Tests for Manganese and Phosphorus in Cement: 


It was not possible to include in the 1936 report the results of the 
investigation of methods for manganese and phosphorus because a few of 
the cooperating laboratories had not finished their work. ‘The studies have 
now been completed and the results are listed in Table I. The names of 
the cooperating laboratories are as follows: 

Idaho Portland Cement Co., W. R. Chandler, Chief Chemist, 
National Bureau of Standards, Division V-4, G. E. F. Lundell, Chief, 
Tennessee Valley Authority, P. J. Freeman, Principal Materials Engineer, 
California Portland Cement Co., O. D. Guire, Jr., Analyst, 
Portland Cement Assn., H. F. Gonnerman, Manager of Laboratory, _ 
Universal Atlas Cement Co., Duluth Plant, T. A. Hicks, General Chemist, 
Universal Atlas Cement Co., Buffington Plant, T. A. Hicks, General Chemist, 
Riverside Cement Co., T. F. Mullan, Chief Chemist, and 
Monolith Portland Cement Co., O. C. Hart, Chief Chemist. 


Nore.—The order of laboratories does not correspond to the tabulation of results. 


With a single exception the results for Mn,O; are remarkably good. 
Those for P,O; while not quite as consistent are satisfactory as compared 


. | Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 766 (1935); also 1936 Book of A.S.T.M. Tes 
tative Standards, p. 382. 
? Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 222 (1936). 
* 1936 Book of A.S.T.M. Standards, Part II, p. 9. ‘ 7 Supple 
« This recommendation was adopted by the Society and the revised methods appear in the 193 
ment to Book of A.S.T.M. Standards, p. 54. 


with | 
appro 
ment. 
f the 
some 
the P 
This 
Atlas 
to be 
prese 
Sm 
Labo 
A 
j Ha 


On MerHops or CHEMICAL ANALYSIS 

sith results received in previous investigations. As a whole the analysts — 
proved of the methods, but a few of them made suggestions for improve- 
nent. Before the investigation was started, G. E. F. Lundell of the National 
Bureau of Standards assisted the Working Committee with a critical study 
of the methods and suggested several changes. His staff also carried out 
gme of the analytical work. 

Another method for manganese was suggested by H. F. Gonnerman of 
the Portland Cement Association during the course of the investigation.' — 
This method as modified was tested in the laboratories of the Universal © 
\tlas Cement Co., and the California Portland Cement Co. It was found 
to be less satisfactory than the method now recommended as tentative? — 
because of difficulty in recognizing the endpoint of the titration in the 
presence of a large precipitate. 


TABLE I.—ANALYTICAL DATA REPORTED BY COOPERATING LABORATORIES ON 
DETERMINATIONS OF MANGANESE AND PHOSPHORUS IN CEMENT. 


Samples G, H, and J are portland cements for general use. The brands are well known and were selected in order to have > ; 
le high in Mn2Osz, one high in P2Os, and one approximately of the average composition of American cements. 


P20s° Not Corrected for Blank P2Os Corrected for Blank 


Sample J Sample H Sample H | Sample J a 


0.06 
0.07 0.68 


0.06 5 i 0.65 


0.07 0.63 
0.60 


0.07 
0.65 


0.06 
0.07 
0.06 
0.08 
0.07 


0.64 


Method for Mn2Os: The manganese in the solution of cement is oxidized to permanganic acid with sodium bismuthate and 
trated with sodium arsenite. 


Method for P20s: The phosphorus in the solution of cement is precipitated as ammonium phosphomolybdate and then 
‘eipitated as magnesium ammonium phosphate. 


Cooperating through C. H. Scholer, Professor.of Applied Mechanics, 
A. Van Winkle, Department of Chemistry, Kansas State College 
\griculture and Applied Science, is not only making alkali determina- 

s for the Working Committee, but also has made an independent © 

ly of the problem of the determination of manganese and phosphorus. 

tthe manganese determination he used a sample of cement of his own — 

1 the samples of cement G, H and J furnished by the Working 
mmittee. After testing the method recommended by the committee 

‘approval as tentative and comparing it with a colorimetric method _ 
teported consistent and checking results. _ 
Van Winkle also made determinations of phosphorus in samples G, __ 


Hand J and a fourth sample of cement. He tried the method proposed as 


of method described on page 1612 of Scott's “Standard Methods of Chemical Analy- 
"See p. 722. 
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REPORT OF WORKING COMMITTEE OF COMMITTEE C- 


tentative! and a volumetric method. Although he obtained good resylts 
with the proposed method, he experienced some difficulty due to the precipi- 
tation of silica and ammonium molybdate with ammonium phospho. 
molybdate. He thought it was due to the high temperature and great 
acidity prevailing at the time of adding ammonium molybdate to precipitate 
phosphorus as phosphomolybdate. He thought that the volumetric method 
on the other hand would give excellent results and require less time. 
As a result of the data which have been obtained the committre 
_ recommends that the Methods for Determining Phosphorus and Manganese 
in Cement, as appended hereto,'! be accepted for publication as tentative 
and included in the Tentative Method C 114. 


Study of Test for Alkali in Portland Cement: 

In accordance with instructions received last June, a cooperative investi- 
gation of methods for the determination of alkali in portland cement is 
now in preparation. ‘This is the fourth series of cooperative studies to be 
undertaken by the Working Committee. Its preparation has required 
much thought and correspondence. A critical examination of some of the 
methods has been made by G. E. F. Lundell of the National Bureau of 
Standards, and P. S. Roller of the U. S. Bureau of Mines has improved the 
method which he and A. A. Berk had published. 

The laboratory work has only recently been started and the program 
will involve considerable work. ‘The Working Committee is indebted to 
the following who are cooperating in this investigation: 


. Portland Cement Assn., H. F. Gonnerman, Manager of Laboratory, 

. Tennessee Valley Authority, P. J. Freeman, Principal Materials Engineer, 

. Universal Atlas Cement Co., T. A. Hicks, General Chemist, a 

. Edison Cement Corp., G. C. Wilsnack, Chief Chemist, : 

. Coplay Cement Manufacturing Co., W. J. Johnson, Chief Chemist, 

. Superior Cement Corp. (Ohio), L. I. Loghry, Chief Chemist, 

. California Division of Highways, T. E. Stanton, Materials and Research 
Engineer, 

. Kansas State College of Agriculture and Applied Science, C. H. Scholer, 
Professor of Applied Mechanics, 

. The Olympic Portland Cement Co., Ltd., F. H. Ronk, Chief Chemist, — 

. California Portland Cement Co., O. D. Guire, Jr., Analyst, 

. Idaho Portland Cement Co., W. R. Chandler, Chief Chemist, 

. Giant Portland Cement Co., S$. G. McAnally, Chief Chemist, and 

. Yosemite Portland Cement Co., H. McC. Larmour, Chief Chemist. 


— Copies of the four methods being studied can be obtained from the 
chairman. 

Chairman P. H. Bates suggested that the Working Committee consider 

R. B. Rudy’s method for the determination of sulfuric anhydride in portland 

cement by means of the Wagner turbidimeter, published by the National 


1 See p. 722. 
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On OF CHEMICAL ANALYSIS 

sults | Bureau of Standards. A member of this committee, T. A. Hicks, had 
recipi. jg one of his chemists, L. G. Sprague of the Universal Atlas Cement Co., 
yspho- Northampton, Pa., make two series of tests. The published procedure was 
great ‘ollowed in all details in the first series but it seemed that the precipitation 
pitate of BaSO, was not complete during the stirring period prescribed by the 
ethod (& method. In the second series the precipitate was stirred at a slightly 

higher speed for 60 sec. instead of 30 sec. The results of Mr. Sprague’s 
nittee [| series of tests were as follows: 


ranese SO3 BY SOs BY GRAVI- 
SAMPLE TURBIDIMETER METRIC METHOD ERROR 


tative Pirst Seri ; . 87 . 03 
. 86 .04 
91 
.82 
vesti- 


ent is 
to be swond Seri 87 
Juired 8: 86 
of the 
au of 
the 
gram Chairman P. H. Bates has called attention to a procedure for deter- 
ed to @§ mining silica in cement which is also described in a Bureau of Standards _ 
Research Paper.2. Mr. T. A. Hicks had this method tested at two plant _ 
aboratories of the Universal Atlas Cement Co. Although the method _ 
was reported to give good results, it is the opinion of the Working Com- _ 
mittee that if a rapid method is desired for the determination of silica, the 
vell known and commonly used perchloric acid method is preferable until 
nore study can be made. . 


ind phosphorus, to G. E. F. Lundell for his constructive criticisms, and — 
so to the Universal Atlas Cement Co. and California Portland Cement 
Co. for making it possible for members of their staffs to continue to assist 


in this work. 


Respectfully submitted on behalf of the Working Committee, 


<. HANNA, 


Tui ‘Robert B. Rudy, “ Determination of Sulfuric Anhydride in Portland Cement by Means of bg Wagner > 


scimeter,”” National Bureau of Standards Journal of Research, Vol. 16, No. 6, June, 1936, p 
- Maczkowske, Rapid Method for the Determination of Silica in Portland National 
of Standards Journal of Research, Vol. 16, No. 6, June, 1936, p. 549. 


In conclusion, the Working Committee desires ‘to indic s gratitude 
0 those who participated in the investigation of methods manganese 
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4 REPORT OF SUBCOMMITTEE ON CEMENT REFERENCE LABORATORY 
(Period July 1, 1936, to March 31, 1937) 


Requests were received by the Cement Reference Laboratory for 
inspection of 34 cement testing laboratories. The total number of labora- 
tories now involved in the present inspection tour is 296, a larger number 
than included in any of the preceding tours. The following tabulation 
affords a comparison of the numbers and classifications of the laboratories 
involved in the various tours: 


— 


: CLASSIFICATION OF NUMBER OF LABORATORIES INSPECTED IN Tour 
LABORATORIES No. 1 No. 2 No, 3 No.4 No.5 


_ Cement producers rere er 108 104 100 120 
Commercial testing laboratories....... 48 30 37 66 

_ §tate highway laboratories* 65 53 61 63 
) 1 27 20 13 23 
Municipal 10 9 6 10 

7 8 12 14 


208 265 224 229 296 


* Includes highway branch laboratories, some of which are located at cement mills. 


Inspections were made at 107 laboratories. Since the commencement 
of the present tour in May, 1936, there have been performed 141 inspec- 
tions; about one-half of the field inspections thus far listed for the current 
tour have accordingly been completed. 

The territory already covered includes the northeastern section of the 

z country and many laboratories in Ohio and in the vicinity of Chicago. 

Some few requests have been recently received for inspections to be 
made of laboratories located in the territory which has just been visited. 
It is not contemplated that any early revisits will be made to such localities. 
Some of these requests were from laboratories which are probably interested 
in work which is under the supervision of government offices which 
insist on Reference Laboratory inspection. It is probable that more 
requests will be received from commercial testing laboratories. 

The U.S. Bureau of Public Roads and the Federal Emergency Admin- 
istration of Public Works have both expressed considerable interest in the 
cement laboratory inspections and copies of 56 of the Reference Laboratory 
inspection reports have been furnished to them. The issuance of such 
copies, as in the past, is conditional upon proper authorization from the 
inspected laboratories. An illustration of the extent to which a government 
office may use these reports is afforded by a recent instance in which approval 
as a testing agency was withheld from a certain laboratory until a more 
satisfactory type of moist storage equipment was installed. 

(288) 
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On LABORATORY | 


Reports were received from nearly all of the laboratories which received 
portions of the comparative sample, distributed by the Reference Laboratory 
gme months ago. These results were received during the midst of field 
inspection work and were only completely summarized at a recent date.’ 
Copies of the tabulation of results are being distributed, through the 
Bureau, to the cooperating laboratories and also to the members of Com- 
mittee C-1. Consideration was given as to how the data might be most 
appropriately presented. It is realized that, if such comparative tests are 
found advisable as a regular procedure, the results must be reported to the 
laboratories soon after completion of the tests. Therefore, comments are 
being invited from the laboratories and from the members of Committee 
C-1 so that, if such tests are to be repeated, the summaries of results may 
quickly be prepared and reported. 

This subcommittee met with the Subcommittee on Tests of Additions 
to Cements and prepared a recommended procedure to be followed in 
arranging for the tests of cements containing additions made subsequent to 
calcination. These tests are required by the recently adopted Standard 
Specification for High-Early-Strength Portland Cement (C 74-36). The 
Society has approved the method for authorizing and reporting such tests, 
and arrangements were recently made by an applicant to have such a series 
of tests made on cements containing a certain addition. The Reference 
Laboratory is securing the samples and the tests are under way. 

In so far as the field work, sampling and other activities of the Reference 
Laboratory have permitted, some time was devoted to the investigation of 
the stirring apparatus for the Wagner turbidimeter. As a result of trials 
and observations on various types of stirrers, one has just recently been 
designed which has given a promising performance and will be studied 
further as soon as possible. 

Information is being obtained regarding compression testing machines 
observed during the laboratory inspections. These brief details are not 
only interesting, but they should prove helpful in planning any calibration 
work of such machines, provided developments make it necessary for the 
Reference Laboratory to participate in such calibration. This question will 
receive further consideration during the next few months. -_ 


Respectfully submitted on behalf of the subcommittee, 


G. E. WARREN, 
Chairman. 


Report on Cooperative Tests of Portland Cement Comparative Sample, C. R. L. No. 1, ‘published 
in ASTI BULLETIN, December, 1937. 
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APPENDIX I 


PROCEDURE FOR MAKING AUTOCLAVE TESTS OF PORTLAND CEMENT 
USED AS BASIS OF COMPARISON IN CURRENT COOPERATIVE STUDIES 


STUDIED BY WORKING COMMITTEE ON VOLUME CHANGE AND SOUNDNESS 


_ Preparation of Test Bars.\—Mix a neat cement paste of normal consistency in a 
accordance with the methods described in Sections 19 to 22 of the Standard Methods 
of Sampling and Testing Portland Cement (A.S.T.M. Designation: C 77-32): = 
Immediately after mixing, fill the mold in three layers. Compact each layer with the not In 
rubber glove-protected forefinger, working from one end of the mold to the opposite 
end in 25 strokes (12 strokes for 5-in. bar). Work along the bar and back two times 
or a total of four times for each layer. After the top layer has been compacted smooth Defini 
the specimen with a few strokes of the trowel leaving the paste slightly above the , 
sides of the molds. 
Immediately after the mold has been filled, place it in the moist closet or moist mate 
room at a temperature of 70 F. + 3 F. (21 C. + 1.6C.) and a relative humidity of at One ¢ 
least 90 per cent. Approximately 2 hr. after molding give the bars the final troweled of pr 
finish, mark the identifying reference numbers on the surface and continue the moist the c 


curing. At 22 to 23 hr. after molding remove the bars from the molds and place in 
: water at 80 F. (27 C.).8 Approximately 1 hr. after removal from the molds, surface 
Ps dry the bars, one at a time, with a cloth and immediately weigh* and measure for 

length in a length comparator. After weighing and measuring, keep the bars in water 
; until placed in the autoclave. 

/ Autoclaving.—At the age of 24 hr. place the bars in the autoclave and heat the 
water rapidly to bring the temperature of the steam in 1 hr. to 420 F. (215 C.) which 
corresponds to a gage pressure of 295 lb. per sq. in. Care should be taken to permit 

: the air to escape from the autoclave during the heating to 212 F. (100 C.). Maintain 
the 420 F. (215 C.) temperature for 3 hr. After the desired period in the autoclave at 
the 420 F. (215 C.) temperature, shut off the heat supply and allow the autoclave to 
cool slowly so that the pressure will gradually fall to near atmospheric by the end of 
ihr. At the end of the 1-hr. period release slowly the small pressure remaining through 
a vent valve until atmospheric pressure is attained. Then open the autoclave and 
allow the bars to cool for 15 min. in the autoclave; and then cool them for 15 min. in 
the air of the laboratory. After cooling the bars in air, immerse them in water which 
has been preheated to the temperature of the bars (approximately 150 F. (66 C.)). 
Gradually cool the water and bars to 80 F. (27 C.)#in a 30-min. period and then surface 
dry, weigh, and measure the bars for length. Express the change in length during 
autoclaving, as a percentage of the length before placing in the autoclave. 


tale 


* 


E 1 The test bars recommended for these cooperative studies are 1 by 1 by 11} in. long with stainless steel 
inserts and an effective gage length of 10 in. cans 
2 1936 Book of A.S.T.M. Standards, Part II, p. 9. 
3 If desired, a water temperature of 70 F, (21 &) instead of 80 F. (27 C.) may be used. 
4 Weighing recommended for future reference. 
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PROPOSED 
TENTATIVE SPECIFICATIONS AND METHODS OF TEST 


BLENDED CEMENTS! 
Scope = 


1. These specifications cover hydraulic cements known as “blended 
ements” in which portland cement is an essential constituent. It does 
not include cements intended for masonry purposes only. 


Definition 


2, A blended cement is the finely divided product obtained by inti- 
_ mixing together, preferably by intergrinding, portland cement and 
eor more admixtures (other than the material used to regulate the set 


of f portland cement) which are added to alter one or more properties of 
the cement. 


Admixtures 
3. The admixtures may consist of the following: __ 
(a) Pozzolanic materials, either natural or artificial, 


(b) Cementitious materials, such as limes, natural cements and other | 
alcium silicate cements, 


(c) Accelerators, plasticizers, retarders and waterproofing materials, 
(d) Inert non-deleterious siliceous materials. nine 


Quality of the Ingredients 


_ 4. (a) Any material used in compounding a blended cement shall con- 
m to the definition or specification of the American Society for Testing _ 
laterials, where such definition or specification has been adopted by the = 
Society, 

(b) Pozzolanic Materials.—A substance is said to be pozzolanic when, 
thile not necessarily cementitious by itself, it possesses constituents which 
nil combine with calcium hydrate at ordinary temperatures in the presence 
‘moisture to form stable compounds of cementitious value. 


‘These 


? the Proposed tentative specifications were submitted by Committee C-1 on Cement to the Society 
- ait ~h my meeting but were not accepted. They are being given further consideration in the com- 
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SPECIFICATIONS ‘AND TEstTs FOR BLENDED CEMENTS 


(c) Accelerators, Plasticizers, Etc.—The producer must guarantee that 
any accelerator, plasticizer, retarder, waterproofing agent, or any other 
materials not otherwise covered by these specifications, be free from any 
deleterious ingredient which might adversely affect the quality of the 
concrete. 

(d) Inert Admixture-—When an inert admixture is used, it must not 
retard or hasten the hardening of portland cement. It must be insoluble 
in water and in a solution of calcium hydroxide. It shall not contain 
anything that may be injurious to the durability of the concrete. 
Producer’s Statement 


5. When requested by the purchaser, the manufacturer shall state in 
writing the nature, origin and amount of each of the materials used, furnish 
satisfactory proof as to their quality and describe the process followed in 
compounding the product to be furnished under these specifications. 
Fineness 

6. (a) The specific surface shall not be less than 1800 sq. cm. per 
gram of cement. 

(b) The residue on a standard No. 325 sieve shall not exceed 15 per 


by weight. 


Soundness 


7. (a) A pat of neat cement of normal consistency shall remain firm 
and hard and show no signs of cracking, checking or disintegration when 
subjected to the steam test for soundness as described in Standard 
Methods C 77.! 

(b) A pat of neat cement of normal consistency, molded in Le Chatelier 
tongs, after 24-hr. storage in a standard moist closet shall not show more 
than 5-mm. expansion when subjected to the steam test for soundness as 
described in Standard Methods C 77. 

(c) The average expansion of three 1 by 1 by 10-in. bars of neat cement 
of normal consistency shall not be greater than 0.20 per cent when sub- 
jected to the autoclave test described in Section 18. 

(d) Three 1 by 1 by 10-in. bars of standard plastic mortar shall remain 
firm and hard and show no signs of distortion, cracking, checking or dis- 
integration when subjected to the steam test for soundness as described in 
Standard Methods C 77.! Further, they shall not show as a result of the 
steaming an average expansion or contraction greater than 0.05 per cent. 
Resistance 

. If the purchaser so desires he may require that the cement be 
wie for sulfate resistance, in which case, in addition to the tests for 
soundness prescribed in Section 7, the average increase in the length of 
3 additional bars, each 1 by 1 by 10-in. in length and made of 1 part al 

11937 Supplement to Book of A.S.T.M. Standards, p. 54. 
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4 SPECIFICATIONS AND TESTS FOR BLENDED CEMENTS 293 


e that snd 5 parts standard Ottawa sand, shall not exceed 0.075 per cent after 
other storage for 1 day in the moist closet, 2 days in water, and 25 days in a solu- 
N any # tion containing 5 per cent sodium sulfate (Na,SO,) and 5 per cent magnesium 
f the sulfate (MgSO,). 

oluble 9. The cement when tested in standard plastic mortar shall not develop 


ntain @ initial set in less than 60 min. nor final set in more than 10 hr. as deter- 
mined by the Vicat needle in accordance with Section 21. 


Compressive Strength 
ate in 10. (2) The average compressive strength of not less than three 3 by 
urnish @ 6-in. concrete cylinders shall be not less than 1000 lb. per sq. in. at 7 days 
ved in and 2000 lb. per sq. in. at 28 days. 
(b) In case the purchaser desires a cement developing high-early- 
strength, he may specify that the concrete develop an average compressive 
1. pet strength of 1000 lb. per sq. in. at 1 day and 2000 lb. per sq. in. at 3 days. 
The purchaser may also require that the compressive strength of the con- 
5 per crete shall be not less than 3000 lb. per sq. in. at 28 days. 
(c) In case the purchaser specifies a cement having low heat of hydra- 
tion (Section 11) the average compressive strength of concrete shall be not 
firm less than 750 lb. per sq. in. at 7 days and 1500 lb. per sq. in. at 28 days. 
aa (d) The compressive strengths obtained at 28 days shall be greater 
dard than those obtained at 7 days, and in the case of the high-early-strength 
cement the strengths at 3 days shall be greater than the strengths at 1 day. 


itelier Heat of Hydration 


more 11. (a) The heat of hydration shall not exceed 75 cal. per g. at 7 days 

ESS as and 85 cal. per g. at 28 days when tested in accordance with the method 
described in Sections 23 and 24. 

b Note.—Emphasis is placed on the fact that the method for determining the heat of 

| SUD- dration as described in Section 23 is intended for portland cement. Some of the blended 


ements might contain material which is dissolved with difficulty, in which case com- 
plete solution may not be obtained in this test. 


sment 


r dis- (b) The purchaser, if he desires, may specify that the heat of hydration 
ed in shall not exceed 65 cal. per g. at 7 days and 75 cal. per g. at 28 days. In 
of the this event, however, the average compressive strength of the concrete may 
ont. be lower but shall be not less than 750 lb. per sq. in. at 7 days and 1500 lb. 


per sq. in. at 28 days as provided in Section 10 (c). 
nt be Packaging and Marking 


Ss ~ 12. (a2) When, as specified, the cement is delivered in packages, the 
th zo words “Blended Cement” and, in addition, the nature of the blend, the 
me 


tame of the manufacturer, the brand, and the weight of the cement con- 
lained therein shall be plainly marked on each package. ‘hen, as specified, 


e 
| 


294 SPECIFICATIONS AND TESTS FOR BLENDED CEMENTS 


the cement is delivered in bulk shipments, this information shall be con- 
tained in the shipping advices accompanying the shipment. 

(b) A bag shall contain 94 lb. net. A barrel shall contain 376 lb. net. 
All packages shall be in good condition at the time of inspection. 
Storage 

13. The cement shall be stored in such a manner as to permit easy 
access for proper inspection and identification of each shipment, and in q 
suitable weather-tight building which will protect the cement from 
dampness. 


Inspection 

14. Every facility shall be provided the purchaser for careful sampling 
and inspection at either the mill or at the site of the work, as may be speci- 
fied by the purchaser. At least 6 days from the time of sampling shall be 
allowed for completion of the 1-day tests; at least 8 days shall be allowed 
for completion of the 3-day tests; at least 12 days shall be allowed for com- 
pletion of the 7-day tests; and at least 33 days shall be allowed for comple- 
tion of the 28-day tests. The cement shall be tested in accordance with 
the methods hereinafter prescribed. 


Rejection 

15. (a) The cement may be rejected if it fails to meet any of the 
requirements of these specifications. 

(b) Cement remaining in storage prior to shipment for a period greater 
than 6 months after completion of the tests shall be retested and shall be 
rejected if it fails to meet any of the requirements of these specifications. 

(c) Cement failing to meet any of the tests for soundness specified in 
Section 7 may be accepted if it passes a retest using a new sample at any 
time within 28 days thereafter. 

(d) Packages varying more than 5 per cent from the specified weight 
may be rejected; and if the average weight of packages in any shipment, 
as shown by weighing 50 packages taken at random, is less than that 
specified, the entire shipment may be rejected. 


METHODS OF TESTING 


Methods of Sampling and Testing 
16. The cement shall be sampled and tested in accordance with the 
Standard Methods of Sampling and Testing Portland Cement (A.S.T.M. 
Designation: C 77) of the American Society for Testing Materials,’ unless 
otherwise specified or provided for in these specifications. 
11937 Supplement to Book of A.S.T.M. Standards, p. 54. 
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SPECIFICATIONS AND TESTS FOR BLENDED CEMENTS 


Fineness Test 

17. The specific surface shall be determined in accordance with the 
Tentative Method of Test for Fineness of Portland Cement by Means 
of the Turbidimeter (A.S.T.M. Designation: C 115 — 34 T) of the American 
Society for Testing Materials. 


Autoclave Test 


18. (a) A neat cement paste of normal consistency shall be mixed in 
accordance with the methods described in Sections 25 to28of the Standard 
Methods of Sampling and Testing Portlant Cement (A.S.T.M. Designation: 
(77) of the American Society for Testing Materials.2 Immediately after 
mixing, the 1 by 1 by 10-in. mold shall be filled with the paste in three 
layers, each layer being compacted with the rubber-glove-protected fore- 
finger, working from one end of the mold to the opposite end in 25 strokes, 
along the bar and back twice or a total of four times for each layer. After 
the top layer has been compacted, the specimen shall be smoothed off with 
a few strokes of the trowel, leaving the paste slightly above the sides of the 
mold. Immediately after the mold has been filled it shall be placed in the 
moist closet. Approximately 2 hr. after molding, the specimens shall be 
removed from the moist closet and given the final troweled finish, identi- 
fying numbers being inscribed on the surface by means of dies. The speci- 
mens in the molds shall then be replaced in the moist closet. 

(b) Twenty-two hours after molding the specimens shall be removed 
from the molds and placed in water at 80 F. (27 C.). Approximately 1 hr. 
after removal from the molds, the specimens, one at a time, shall be surface- 
dried with a cloth and immediately measured for length in a dial gage 
length comparator which is graduated to 0.0001 in. After being measured, 
the specimens shall be kept in water until placed in the autoclave at the 
age of 24 hr. 

(c) While in the autoclave the bars shall beheld in a rack so that each 
is exposed to saturated steam in the same manner. Steam shall be gen- 
erated from a charge of water, about 1 in. in depth, below the specimens in 
the autoclave. The water shall be heated rapidly to bring the temperature 
of the steam in 1 hr. to 420 F. (215 C.), which corresponds to a gage pressure 
of 295 Ib. per sq. in. This temperature shall be maintained constant, by 
means of a regulator, for 3 hr. After this 3-hr. period the heat supply 
shall be shut off and the autoclave allowed to cool, the pressure being 
gradually reduced to atmospheric by the end of 1 hr. The cylinder shall 
then be opened and the specimens allowed to cool for 15 min. in the auto- 
dave and another 15 min. in air to about 150 F. (66 C.). The specimens 
shall then be immersed in water which has been preheated to 150 F. (66 C.) 


tative Seats: Am. Soc. Testing Mats., Vol. 35, Part I, p. 777 (1935); also 1936 Book of A.S.T.M. Ten- 


*1937 Supplement to Book of A.S.T.M. Standards, p. 54. 
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SPECIFICATIONS AND TESTS FOR BLENDED CEMENTS , 


or to the temperature of the bars. The water shall then be gradually cooled 
during a 30-min. period to 80 F. (27 C.). The bars, one at a time, shall then 
be removed from the water, surface dried and quickly measured. 


Soundness Test of Standard Plastic Mortar . 

19. The mortar shall be proportioned, mixed, and molded in accordance 
with the Tentative Method of Test for Compressive Strength of Portland- 
Cement Mortars (A.S.T.M. Designation: C 109-37 T) of the American 
Society for Testing Materials,! except that when molding, instead of 
tamping, each layer shall be puddled with the finger tips protected by 
snug-fitting rubber gloves. ‘The specimens shall be stored and steamed in 
accordance with the Standard Methods of Sampling and Testing Portland 
Cement (A.S.T.M. Designation: C 77) of the American Society for Testing 
Materials,? the specimens being removed from the molds and measured 
just prior to the steam test. 


Sulfate Resistance Test 


20. (a) The percentage of water used to fabricate the 1:5 mortar bars 
described in Section 8 shall be calculated by using the following formula: 
2P 
Percentage of water (in terms of dry weight of sand and cement) = 3W 4) +6.5. 
where P = the normal consistency of the cement used, and 
N = the parts of standard Ottawa sand. The quantity of water 
shall be expressed in milliliters. 
(b) The volume of the salt solution prescribed in Section 8 shall not 
be less than 2 liters for each three bars immersed in it. 


Time of Setting Test 


21. (a) A standard Vicat mold (see Section 23 of Standard Methods 
C 77), resting on a glass plate, shall be filled with the standard plastic 
mortar and stored in a moist closet. This mortar shall be proportioned, 
mixed and molded as prescribed in Section 19. 

(b) By initial set is meant that point in the hardening of the mortar 
when it begins to harden and thereafter progressively continues to lose 
its plasticity or semifluid condition. 

(c) Initial set shall be said to have occurred when a Vicat needle 1 mm. 
in diameter and weighing 300 g. fails to penetrate to the bottom of a Vicat 
ring filled with standard plastic mortar and thereafter at 15-min. intervals 
continues to progressively penetrate to a less and less depth. 

(d) By final set is meant that point in the hardening of the mortar 
when the same Vicat needle fails to penetrate the surface of the plastic 
mortar specimen. 


1 See p. 726. 
#1937 Supplement to Book of A.S.T.M. Standards, p. 54. 
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_ SPECIFICATIONS AND TESTS FOR BLENDED CEMENTS 297 


Compressive Strength 

22. The concrete for the compression test specimens shall be mixed 
yith a water-cement ratio of 1.0 and it shall haveaslumpoffrom2to4in. __ 
The coarse aggregate shall be sound and well graded. The sand shall be © 
graded. The cement-sand relation by volume should be held close to 1:2. 
The procedure for mixing, molding, and testing of the specimens shall 
conform to that described in the Standard Methods of Making Compres- _ 


gon Tests of Concrete (A.S.T.M. Designation: C 39) of the American 


Society for Testing Materials. 


Heat-of-Hydration Test?.* 


23. (a) Apparatus.—The apparatus shall include a 1-pt. open-mouth 
thermos bottle with cork stopper, a Beckmann thermometer having a range 
of about 6 C., a magnifying meniscus reader for the thermometer, glass fun- 
nel, glass rod stirrer, analytical balance for weighing the sample, and a 
balance accurate to 0.2 g. for weighing the calorimeter and solvent. A glass 
stirring rod shall be bent to give an arm at the lower end about 1 in. in 
length and shall be flattened at an angle of 45 deg. to form a propeller. 
The stirrer shall extend almost to the bottom of the thermos bottle and 
shall be operated at a speed of about 400 r.p.m. 

The stirrer, the immersed section of the Beckmann thermometer and 
the inside of the thermos bottle shall be coated with a suitable material, 
such as a resin diluted with an equal quantity of acetone, to protect the 
glass against the hydrofluoric acid. The thermometer shall be so adjusted 
that its upper range approximates room temperature. 

(b) Solvent.—A mixture of nitric and hydrofluoric acids shall be used 
to dissolve the cement and the hydrated pastes. A large batch of about 
2.0 N HNO; shall be prepared, using 127 ml. of 70 per cent HNO; (sp. gr. 
142) per liter. It is not necessary to standardize this HNO; solution, 
but the heat capacity of the system shall be determined each time a new 
batch of HNO; solution is prepared. 

The hydrofluoric acid shall be added when the calorimeter sample is 
prepared, using 8 ml. of 48 per cent HF for each determination. 

(c) Preparation and Curing of Specimen.—A 300-g. sample of cement 
and 120 g. of distilled water shall be mixed together and vigorously stirred 
with a mechanical stirrer for 5 min., after which a representative portion 
shall be used to fill four‘ or more homeopathic vial containers (3 by 4 in.) 
in approximately equal amounts. The temperature of the materials shall 

regulated, commensurate with mixing-room temperature, so that the 


a discussion of this heat-of-hydration test, see paper by William Lerch, “A Simple Apparatus for 


hip ini Heat of Hydration of Portland Cement,” Paper No. 29, Portland Cement Association Fellow- 
at the National Bureau of Standards. 


fis number provides for two companion specimens, over and above normal requirements, to allow for 
Techecking, e, etc, 
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temperature of the cement paste shall be 70 F. = 5 F. (21 C. + 2.75 ¢). 
The vials shall be sealed immediately upon filling with a tightly fitting 
cork which in turn shall be coated with paraffin. The vials shall be stored 
in a vertical position at 70 F. + 1 F. (21 C. = 0.55 C.) until the samples 
are tested. At each of the ages of 7 and 28 days, the heat of solution of 
one specimen of the partially hydrated cement in a given acid mixture 


Test Procedure 


24. (a) Heat Capacity of System.—A quantity of the HNO; solution 
shall be cooled to the temperature corresponding to the lower range of the 
Beckmann thermometer and some of the solution placed in the thermos 
bottle. Eight milliliters of HF and then HNO; shall be added to give the 
desired weight, using 400 to 450 g. of the solvent. The cork stopper, 
through which pass the stirrer, funnel, and thermometer, shall be properly 
seated. ‘The lower end of the funnel shall extend as much as } in. below the 
lower surface of the stopper and shall be as much as } in. above the top 
surface of the liquid. The stirrer shall have sufficient freedom of motion 
to prevent contact with the stopper. 

The motor shall be started and the stirring continued for about 5 min. 
to attain uniform temperature distribution. The initial temperature, 
estimated to the nearest 0.001 C., shall then be recorded and 7 g. of ignited 


the funnel, completing the addition in from 1 to 2 min. The temperatures 
shall be recorded at 5-min. intervals until the temperature change between 
successive intervals is constant. The time required for complete solution 
of the sample may vary from 10 to 20 min. 

If small temperature changes occur after complete solution of the 
sample, due to stirring or heat leakage, a correction for these changes shall 
be applied to the temperature rise. Thus, if the time for complete solution 
is 20 min. and the temperature rises 0.005 C. in each 5-min. interval there- 
after, 0.020 C. is deducted from the temperature rise attained in 20 min. 

Using the value 257 cal. per g. as the heat of solution of ignited ZnO in 
the solvent, the heat capacity of the system shall be calculated as follows: 
The heat of solution of 7 g. of ZnO divided by the corrected temperature 
rise gives the heat capacity of the system in calories per degree Centigrade. 

At the completion of the test, the calorimeter shall be opened and the 
stem of the funnel and the cork stopper observed. If more than a trace 
of the sample adheres to them, the test shall be rejected. 

(b) Heat of Solution of Cement-—The determination of the heat of 
solution of the cement or the hydrated cement shall be made by the same 
procedure as described in Paragraph (a) for determining the heat capacity 
of the calorimeter, except that there shall be used a 3-g. sample of cement 


& to 800 C. for 1 hr.) zinc oxide shall immediately be introduced through 
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SPECIFICATIONS AND TESTS FOR BLENDED CEMENTS 


or an equivalent quantity of hydrated cement on the ignited weight basis. 
The time required for complete solution will vary with different cements 
and is about 10 to 25 min. 

The temperature rise obtained on dissolving the cement shall be cor- 
rected for the heat of stirring as already described. 

Since the partly hydrated cement contains a considerable quantity 
of water, an additional correction shall be made for the heat required to 
change the temperature of this water from room temperature to the final 
temperature of the calorimeter. Thus, if the room temperature is 25 C., 
the final temperature of the calorimeter 26 C., and the partly hydrated 
cement sample (which was introduced to the calorimeter at room tempera- 
ture) contains 1 g. of water, then 1 cal. will have been required to raise the 
temperature of this water from room temperature to the final temperature 
of the calorimeter. Hence, 1 cal. shall be added to the previously calcu- 
lated heat of solutions of the hydrated cement sample. 

The heat of solution of the 3-g. cement sample shall be calculated by 
multiplying the corrected temperature rise by the heat capacity of the 
calorimeter, converting this result to the heat of solution per gram of 
cement by dividing by the quantity of dry, unignited cement in the calori- 
meter sample. 

The quantity of dry, unignited cement contained in the damp calori- 
meter sample shall be calculated from ignition tests on corresponding dry 
and partly hydrated samples. This quantity shall be used as a divisor in 
place of the actual weight of the calorimeter sample for calculating the heat 
of solution of the partly hydrated cement from the total heat of solution 
determined in the test. 

The heat of hydration of the cement shall be calculated by subtracting 
the heat of solution of the partly hydrated cement from the heat of solu- 
tion of the original cement. 
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REPORT OF COMMITTEE C-3 


ON 
BRICK 


Committee C-3 on Brick has held three meetings during the past year, 
in Atlantic City, N. J., on July 2, 1936; in Washington, D. C., on November 
16, 1936; and in New York City on March 22, 1937. 

The committee has been very active during the year. Several of its 
specifications have been revised and indications are that the specifications 
and methods of test under its jurisdiction are being used to a greater extent 
by consumers. A new set of by-laws has been adopted which it is believed 
will increase the operating efficiency of the committee. The subcommittees 
have been completely reorganized, the former subcommittees having been 
discharged and the following new subcommittees formed: 

I. Advisory (P. H. Bates, chairman) 
II. Clay Building Brick (D. E. Parsons, chairman) © 
III. Concrete Brick (W. H. Kaiser, chairman) 


IV. Sand-Lime Brick (C. H. Carmichael, chairman) 
V. Paving Brick (F. H. Jackson, chairman) 


VI. Sewer Brick (T. R. Lawson, chairman) a 
VII. Glazed Building Units (H. E. Stringer, chairman) 
_ Several new members have been added to the committee during the 
year. ‘The present membership of the committee is 38, of whom 15 are 
classified as producer, 7 as consumer, and 16 as general interest members. 


At the request of the Executive Committee of the Society, Committee 
C-3 considered the proposal to merge with Committee C-10 on Hollow 
Masonry Building Units. At present, the fields of jurisdiction of the two 
committees are not clearly defined; also there are certain products which 
are of interest to both committees, such as glazed building units and double 
brick, and under one committee the question of jurisdiction over such 
materials would disappear. This proposal was referred to letter ballot of the 
committee which consists of 38 members; 26 members returned theit 
ballots, of whom 18 voted affirmatively, 4 negatively, and 4 marked their 
ballots “not voting.” 

Subsequent to the 1936 annual meeting, Committee C-3 presented to 
the Society on August 26, 1936, through Committee E-10 on Standards 
proposed Tentative Specifications for Glazed Building Units (C 126-367), 
proposed revisions of the Tentative Specifications for Building Brick (Made 
from Clay or Shale) (C 62 — 35 T) and of the Tentative Methods of Testing 


1 See Editorial Note, p. 304. 


2 Subsequent to the 1937 annual meeting a revision of these specifications was presented to the Sooty 
through Committee E-10 on Standards, see Editorial Note, p. 304.—Eb. 
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On Brick 


33T). These recommendations were accepted! and the new and revised 
tentative standards appear in the 1936 Proceedings.? 


Brick (Modulus of Rupture, Compressive Strength, Absorption) (C 67 1 


RECOMMENDATIONS AFFECTING STANDARDS 


I. Proposed Tentative Standards.—The committee recommends that the 
proposed Tentative Specifications for Paving Brick, appended hereto,’ be 
cepted for publication as tentative to replace the Standard Specifications | 
for Paving Brick (C 7 — 30)4 which in part no longer represent commercial 
practice. Accordingly, the Standard Specifications C 7-30 are recom- 
mended to be withdrawn. ‘The new tentative specifications are based upon: 
research conducted by the U. S. Bureau of Public Roads, Ohio State High- 
way Testing Laboratory and the National Paving Brick Association. 

The committee also recommends that the proposed Tentative Speci- 
fications for Sewer Brick (Made from Clay or Shale), appended hereto,® be 
accepted for publication as tentative to replace the Standard Specifications 
for Clay Sewer Brick (C 32 — 24)® which in the light of information recently 
developed are obsolete. Accordingly, the Standard Specifications C 32 — 24 
are recommended to be withdrawn. ‘The new tentative specifications are 
based in part upon tests made at the National Bureau of Standards showing 
the relation of abrasive resistance to strength and water absorption of bricks 
and in part upon the results of a circularization of 15 sanitary engineers 
requesting their views on sewer brick specifications. Replies were received 
from 7-of the 15 engineers addressed. 

II. Proposed Revision of Tentative Standard.—The committee recom- 
mends that the Tentative Specifications for Building Brick (Made from 
Clay or Shale) (C 62-36 T)? be completely revised as appended hereto*® 
and continued as tentative. These tentative specifications as revised, as 
well as the specifications as revised in 1935 and 1936, are based upon data 
presented as part of the annual report of Committee C-3 in 1935.9 The 
1935 and 1936 editions of the specifications attempted to retain the classi- 
lication used in the present Standard Specifications for Building Brick 
Made from Clay or Shale) (C 62 — 30) and were criticized on account of the 
resulting complicated method of classification and grading. In the tentative 


‘In submitting these recommendations to Committee E-10 on Standards, Committee C-3 reported the 
wing results of the letter ballot vote of a total of 26 ballots returned from a committee membership of 38: 
ifications C 126, affirmative 21, negative 0, ballots marked ‘‘not voting” 5; Specifications C 62, affirma- 
23, negative 0, ballots marked “‘not voting” 3; Methods C 67, affirmative 26, negative 0. 

Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 776, 773, 780 (1936); also 1936 Book of A.S.T.M. 

‘ tative Standards, pp. 428, 425, 432. 

, ee p. 740. Subsequent to the annual meeting, additional revisions of these specifications were pre- 
ed to the Society through Committee E-10 on Standards, see Editorial Note on p. 304.—Eb. 

— 77 of A.S.T.M. Standards, Part II, p. 125. 


' 1936 Book of A.S.T.M. Standards, Part II, p. 134 


sarivstoceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 773 (1936); also 1936 Book of A.S.T.M. Ten- 
Standards, p. 425. 
733 
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* Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 243 (1935). 
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specifications as revised this year, classifications based upon differences jn revise 
strength have been abandoned completely. requil 

III. Revision of Standards.—The committee recommends for immediate for th 
adoption a revision of the Standard Specifications for Concrete Building methe 
Brick (C 55-34)! for the purpose of bringing the specifications into stand 
conformity with the testing procedure prescribed in the Tentative Methods 
of Testing Brick (C 67 — 36 T), and now being recommended for adoption draw. 
as standard. The committee accordingly asks for the necessary nine-tenths Absot 
vote at the annual meeting in order that this revision, given below, may be stand 
referred, to letter ballot of the Society for immediate adoption. the re 

Section 4.— Change the fourth and fifth sentences to read as follows by 
the addition of the italicized words and the omission of those in brackets: 
For the purpose of tests, not less than [ten] five bricks shall be required for each ne 
investigation. In general, two samples of [ten] five bricks each shall be tested for 
every 100,000 bricks contained in the lot under consideration; but where the total 
quantity exceeds 500,000 bricks, one sample of [ten] five bricks from each 100,000 
bricks shall be tested. 


The committee also recommends for immediate adoption a revision of 
the Standard Specifications for Sand-Lime Building Brick (C 73-30)? 
likewise for the purpose of bringing the specifications into conformity with 
the testing procedure prescribed in Methods C 67. The committee accord- 
ingly asks for the necessary nine-tenths vote at the annual meeting in order 
that this revision, given below, may be referred to letter ballot of the 
Society for immediate adoption. 

Section 3.—Change the fourth and fifth sentences to read as follows by 
the addition of the italicized words and the omission of those in brackets: 


For the purpose of tests, not less than [ten] five bricks shall be required for each 
investigation. In general, two samples of [10] five bricks each shall be tested for 
each 100,000 bricks contained in the lot under consideration; but where the total 
quantity exceeds 500,000, one sample of [10] five bricks from each 100,000, shall be 
tested. 


IV. Adoption of Tentative Standard as Standard.—Since no criticisms ot 
suggestions have been received for revision of the Tentative Methods of 
Testing Brick (Modulus of Rupture, Compressive Strength, Absorption) 
(C 67 — 36 T),3 it is recommended that these tentative methods be referred 
to letter ballot of the Society for adoption as standard to replace the present 
Standard Methods of Testing Brick (Compression, Flexure, Absorption) 
(C 67-31).4 Tentative Methods C 67 represent a clarification of the 
standard methods being withdrawn. Since the tentative methods were 

11936 Book of A.S.T.M. Standards, Part II, p. 121. 
i 2 Ibid., p. 123. 


_ 3 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 780 (1936); also 1936 Book of A.S.T.M. Ten- 
tative Standards, p. 432. a 


41936 Book of A.S.T.M. Standards, Part Il, p. 140. 
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revised by the Society less than a year ago,' their adoption as standard 
requires a nine-tenths affirmative vote. The committee accordingly ask 
for the necessary nine-tenths vote at the annual meeting in order that these 
methods may be referred to letter ballot of the Society for adoption as 
standard. 

V. Withdrawal of Standard~—The committee recommends the with- 
drawal of the Standard Methods of Testing Brick (Compression, Flexure, 
Absorption) (C 67 — 31) since they are being replaced by the adoption as 
standard of the Tentative Methods C 67 - 36 T, as mentioned earlier in 
the report. 


The recommendations appearing in this report have been submitted to 
letter ballot of the committee which consists of 38 members; the results 
being as follows: 


Items 


Voting” 


I. Proposep STANDARDS 


pecifications for Paving Brick (C 7-37 T) to replace Standard Specifications C 7 - 30 
Specifications for Sewer Brick (Made from Clay or Shale) (C 32-37 T) to replace Standard 


Specifications C 32 - 24 


II. Proposep Revision or Tentative STANDARD 
Specifications for Building Brick (Made from Clay or Shale) (C 62 - 36 T) 


III, Revision or STanparps 
Specifications for Concrete Building Brick (C 55 — 34), immediate adoption 
Specifications for Sand-Lime Building Brick (C 73 - 30), immediate adoption 


IV. Apoption or Tentative STANDARD AS STANDARD 
Methods of Testing Brick (Modulus of Seutase, Compressive Strength, Absorption) (C 67 - 36 T) 
toreplace Standard Methods C 67 - 


V. Wiraprawat or SranpARD 
Methods of Testing Brick (Compression, Flexure, Absorption) (C 67 - 31) 


This report has been submitted to letter ballot of the committee which 


consists of 38 members; 29 members returned their ballots, of whom 28 
have voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of the committee, a 


a § J. W. McBurney, 
Chairman. 


Secretary. 


— 26, 1936, through Committee E-10 on Standards. 
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REPORT OF COMMITTEE C-3 


EDITORIAL NOTE 


The merger of Committee C-3 on Brick with Committee C-10 on Hollow Mason; 
Building Units was effected at the annual meeting by the organization of the n 
Committee C-15 on Manufactured Masonry Units. * Subsequent to the annual r 
ing Committee C-15 presented to the Society on August 26, 1937, through Comm: 
E-10 on Standards the following recommendations: 


Proposed Revisions of Tentative Specifications for: 

Paving Brick (C 7 - 37 T), and 

Glazed Building Units (C 126 - 36 T). 

The above recommendations were accepted by Committee E-10 and the s 
fications in their revised form appear on pp. 740 and 736, respectively. ™* 
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REPORT OF COMMITTEE C-5 | 
ON 


FIRE TESTS OF MATERIALS AND CONSTRUCTION © 


Committee C-5 has held no meeting since its meeting on July 3, 1936, 
t Atlantic City, N. J., during the annual meeting of the Society. 

As authorized at that meeting, the six subcommittees, which had 
been more or less inactive for some time, have been reorganized. A new 
Subcommittee VII on Size of Test Samples has been organized and as- 
signed the following scope of work: 


(1) Inquiry into the effect of size of samples on test results; (2) what 
types of information can be obtained on samples smaller than 
the standard size for given types of construction; (3) under 

7 what conditions information on load-carrying ability can be 
obtained from temperature measurements without load ap- 
plication; and (4) the necessary distribution of thermo- 


couples and other measuring appliances to obtain reliable 
results. 


The subcommittee is under the chairmanship of S. H. Ingberg of the 
National Bureau of Standards, who reports that, while the results thus 
far obtained might justify the submission of proposed revisions of the 
present Standard Specifications for Fire Tests of Building Construction and 
Materials (C 19-33), it is deemed best to allow the matters before the 
subcommittee to remain under discussion for another year. 

Proposed Tentative Specifications for Fire-Retardant Properties of 
Wood for Scaffolding and Shoring were submitted by Subcommittee VI 
on Fire Tests of Scaffolding (W. B. White, chairman) at the meeting on 
July 3, 1936, where, after discussion of the proposed specifications and 
the written criticisms that had been received, the specifications with certain 
amendments were approved for submission to letter ballot of the committee. 
The letter ballot resulted as follows: Out of a membership of 27, 23 mem- 
bers returned their ballots, of whom 17 voted affirmatively, 4 negatively, 
and 2 marked their ballots, “‘not voting.’ 

The need for standard specifications by which to judge the suitability 
ofa material for scaffolding from the standpoint of fire resistance seems 
evident from a number of serious fires, originating on or in connection with 
scaflolding, resulting not only in the destruction of the scaffolding itself 


; ' The classified vote on the proposed tentative specifications was as follows: Affirmative: 7 producers, 
»congumers, 7 general interests; negative: 2 producers, 2 general interests; not voting: 1 producer, 1 general 
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but also in extensive physical damage to buildings or structures served by 
them. ‘The materials used in the construction of scaffolding and shoring 
are wood and steel, the former being by far the most generally used. In 
the case of steel, it is the framework that is made of that material, the 
platforms being of wood. It is self-evident that steel is not readily ignited 
by hot rivets, glowing cigarettes, flame torches or other light hazards to 
which temporary construction equipment is subject. It is wood that is 
the material that needs protection. In the case of a serious conflagration 
neither of the two materials is immune to destruction. 

No new method of testing is prescribed in the proposed specifications. 
The timber test described therein is one that has been in use for 33 years 
(devised by the late Ira H. Woolson, former chairman of Committee C-5) 
for official testing purposes by the building authorities of New York City 
in passing on the acceptability of chemically treated wood under the city 
building code. In effect, the proposed specifications are merely a needed 
yardstick for measuring the fire resistance of wood used in the construction 
of temporary equipment where it is deemed unnecessary to secure as great 
a fire resistance as required in permanent construction. 

The proposed tentative specifications were submitted to Committee 
I-10 on Standards at its meeting on August 26, 1936, which committee 
deferred formal approval of the specifications pending a re-editing of the 
text in conformance with the Society’s regulations governing the form of 
standards. Due to delays in editing and the preparation of a more de- 
tailed description and illustration of the furnace prescribed in the speci- 
fications, rather than resubmit them to Committee E-10 at this late date 
they are being presented to the Society at the annual meeting. Committee 
C-5 accordingly recommends that the proposed Tentative Specifications for 
Fire-Retardant Properties of Wood for Scaffolding and Shoring, in their 
edited form, as appended hereto,' be accepted for publication as tentative. 

The committee’s only existing standard, the Standard Specifications 
for Fire Tests of Building Construction and Materials (C 19-33), is 
apparently serving its purpose satisfactorily as no criticisms or suggestions 
for change have been received in the four years since it was last revised. 
It has found acceptance, either by reference or by incorporation, in laws, 
ordinances, and regulations of governmental or municipal bodies having 
jurisdiction over building construction. 

This report has been submitted to letter ballot of the committee, 
which consists of 27 members; 26 members returned their ballots, of whom 
24 have voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of the committee, 


RupotpH P. MILLER, 
FirzHuGH Taylor, Chairman. 
Secretary. 


1 See p. 756. 
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REPORT OF COMMITTEE C-8 
ON 
REFRACTORIES 


Committee C-8 on Refractories held two meetings during the year, 
in Columbus, Ohio, on October 9, 1936, and in New York City on March 22, 
1937, the latter in conjunction with the annual meeting of the American 
Ceramic Society. 

The committee has been very active during the year. The use of 
AS.T.M. tests and specifications pertaining to refractories is increasing 
in the industry. 

Certain changes have been made in the organization of subcommittees 
and sections to increase the operating efficiency of the committee as a whole. 


Specifications (G. A. Bole, chairman), and — 
VIII. Editorial (L. J. Trostel, chairman). 


The following sections of Subcommittee III on Tests have been 
formed: 


The following subcommittees have been appointed: 
I. Industrial Survey (L. C. Hewitt, chairman), 
II. Research (F. A. Harvey, chairman), 
III. Tests (F. A. Harvey, chairman), 
IV. Heat Transfer (R. H. Heilman, chairman), 
V. Precision and Tolerance (R. A. Heindl, chairman), 
VI. Nomenclature (A. S. Watts, chairman), 
VII. 


Load (C. M. Dodd, chairman) Slagging (C. E. Bales, chairman) 
Spalling (R. E. Birch, chairman) Analysis (L. J. Trostel, chairman) 
Temperature (R. B. Sosman, Refractory Insulation (W. C. Rueckel, 
chairman) chairman) 
Because of inactivity or completion of work, the following sections 
were discontinued during the year: Abrasion, Sieves, and Microstructure. 


RECOMMENDATIONS AFFECTING STANDARDS 


The recommendations of the committee regarding standards and 
entative standards under its jurisdiction are summarized below, together 
with the analysis of the letter ballot on each item. 
|. Proposed Tentative Standards: 


Proposed Tentative Methods of Test for Cold Crushing Strength and 
Modulus of Rupture of Refractory Brick and Shapes.—Last year' Committee 


' Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 280 (1936). 
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REPORT OF COMMITTEE C-8 


C-8 withdrew the formal approval which it gave in 1932 to the modulus 
of rupture or flexural strength test described in the Standard Methods of 
Testing Brick (Compression, Flexure, Absorption) (C 67-31) on the 
grounds that this test is unsatisfactory for the testing of refractory mate- 
rials. Methods C 67 were developed by Committee C-3 on Brick and 
are used primarily for testing paving and building brick. Committee C-s 
has now prepared a procedure specifically for use in testing refractory 
materials and the committee accordingly recommends that the proposed 
Tentative Methods of Test for Cold Crushing Strength and Modulus of 
Rupture of Refractory Brick and Shapes, as appended hereto,' be accepted 
for publication as tentative. 

Proposed Tentative Methods of Chemical Analysis of Refractory Ma- 
terials—The committee recommends that these proposed tentative 
methods, as appended hereto,’ be accepted for publication as tentative to 
replace the Standard Methods of Ultimate Chemical Analysis of Refrac- 
tory Materials (C 18-—35),* which are accordingly recommended to be 
withdrawn. ‘The section on General Refractories of the present Standard 
Methods C 18, which has been standing without revision since 1921, has 
been replaced in the new methods by procedures for fireclay, silica, and 
high-alumina refractories; the section on Chrome and Chrome Ores is 
included in the new methods without revision, and the section on Mag- 


nesite Refactories, adopted in 1935, has been improved editorially. 

Proposed Tentative Definitions of Terms Relating to Alumina-Diaspore 
Refractories—For purposes of classification, the committee recommends 
that these proposed definitions, as appended hereto, be accepted for 
publication as tentative. The definitions are intended to be added, when 
adopted, to the Standard Definitions of Terms Relating to Refractories 
(C 71-36). 


II, Adoption of Tentative Standards as Standard: 

The committee recommends that the following tentative method and 
tentative definitions be referred to letter ballot of the Society for adoption 
as standard without revision: 


Tentative Method of Panel Test for Resistance to Thermal and Structural 
Spalling of Super Duty Fireclay Brick (C 122 —- 36 T),§ and 

Tentative Definitions of Terms Relating to Refractories (C 71-36 T),*’ to be 
added to the Standard Definitions of Terms Relating to Refractories 


1 See p. 785. : 


760. 
3 1936 Book of A.S.T.M. Standards, Part II, p. 236. 
4See p. 790. Ten- 
_ § Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 785 (1936); also 1936 Book of A.S.T.M. 
tative Standards, p. 457. . Tene 
_ © Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 787 (1936); also 1936 Book of AS.T.M. 
tative Standards, p. 459. | : ittee of 
{s a result of certain questions concerning these tentative definitions, the Advisory Ce 
Committee E-8 on Nomenclature and Definitions asked that action on their adoption as standard be 
4 and at the annual meeting of the Society the definitions were accordingly continued as tentative.—ED. 
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I]. Adoption of Tentative Revision of Standard as Standard: 


The committee recommends that the tentative revision! of the Stand- 
ad Definitions for Fireclay Refractories (C 27 — 35)? relating to the defini- — 
tion of “super duty fireclay brick,” which was submitted for publication — 
as tentative in 1935 and revised in 1936, be approved for reference to toe 
ballot of the Society for adoption as standard. 


IV. Withdrawal of Standard: 


The committee is recommending the withdrawal of the present Standard 
Methods of Ultimate Chemical Analysis of Refractory Materials (C 18 — 
35), which are being replaced by proposed Tentative Methods of Chemical 
Analysis of Refractory Materials, as mentioned earlier in this report. 

The recommendations appearing in this report have been submitted 
to letter ballot of the committee which consists of 37 members; 32 mem- 
bers returned their ballots, the results being as follows: 


Voting” 


I, Proposep Tentative STanDARDS 
Meth —- of Test for Cold Crushing Strength and Modulus of Rupture of Refractory Brick and 


Le As of Chemical Analysis of Refractory Materials 
einitions of Terms Relating to Alumina-Diaspore Refractories 


II. Apoption or Tentative STanpARDS AS STANDARD 


4 of Panel Test for Resistance to Thermal and Structural Spalling of Super Duty Fireclay 
rick (C 122 - 36 T) 


tions of Terms Relating to Refractories (C 71-36 T)%°..........0.ccccccecccecececeee 


III, Aportion or Tentative Revision or STANDARD AS STANDARD 
einitions for Fireclay Refractories (C 27 - 35) 


IV. Wrrnprawat or STanpARD 
ods of Ultimate Chemical Analysis of Refractory Materials (C 18 - 35) 


, mc idamified vote on the adoption of these Tentative Definitions was as follows: Affirmative: 13 producers, 5 consumers, 


interests; negative: 1 producer, 1 consumer, 3 general interests. 
recommendation for the adoption as standard of these definitions failed of approval at the annual meeting of the 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey (L. C. Hewitt, chairman).— 
During the year this subcommittee prepared an industrial survey ‘7 
uining to refractory service conditions in continuous bottle tank operation 

a the glass industry. It is planned to include this survey in the revised 


ition of the Refractories Manual to be issued after the annual meeting. 

de sacaeing® | Am. ms Bow, Testing Mats., Vol. 36, Part I, p. 1198 (1936); also 1936 Book of A.S.T.M. Ten- 
11936 Book ASTM. Standards, Part II, p. 253. 
*Ibid., p. 236, 
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6310 REPORT OF COMMITTEE C-8 

— III on Tests (F. A. Harvey, chairman): 

Section III-A on Load (C. M. Dodd, chairman) presented the pro- 
_ posed Tentative Methods of Test for Cold Crushing Strength and Modulus 
of Rupture of Refractory Brick and Shapes, appended hereto,! which are 
being recommended for publication as tentative, as mentioned earlier jn 
this report. 

Section III-E on Analysis (L. J. Trostel, chairman) is responsible for 
the revised analytical procedures for fireclay, silica and high-alumina re. 
fractories which are being included in the proposed Tentative Methods of 
Chemical Analysis of Refractory Materials, appended hereto.” 

Subcommittee IV on Heat Transfer (R. H. Heilman, chairman).—This 
_ subcommittee is working with the National Bureau of Standards on the 
: development of a standard method for determining thermal conductivity 
of refractory materials at high temperatures. 

Subcommittee VI on Nomenclature (A. S. Watts, chairman) .—This sub- 
committee has prepared the definitions for three grades of alumina-diaspore 
refractories, which are being recommended for publication as tentative, as 
appended hereto.® 

Subcommitiee VII on Specifications (G. A. Bole, chairman).—This 
subcommittee has under discussion a proposed method of measuring 
warpage of special refractory shapes. 

Subcommittee VIII, Editorial (L. J. Trostel, chairman).—This sub- 

{ committee has been very active in the preparation of material for the 


forthcoming revised edition of the Refractories Manual.‘ 


__ This report has been submitted to letter ballot of the committee which 
consists of 37 members; 34 members returned their ballots, all of whom 
voted affirmatively. 


_ Respectfully submitted on behalf of the committee, a 


J. D. SuLuivan, 
Chairman. 


E. H. Van ScHOICK, 
Vice-Chairman. 
5. M. PHELPs, 


Secretary. 


1 See p. 785. 

2 See p. 760. 

* Manual of A.S.T.M. Standards on Refractory Materials, November, 1937, issued as separate pu 
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4 REPORT OF COMMITTEE C-9 
ON he 


CONCRETE AND CONCRETE AGGREGATES ¥ 


Committee C-9 on Concrete and Concrete Aggregates held three 
meetings during the year, in Washington, D. C., on November 21, 1936; 
in Chicago, Ill., on March 4, 1937, in conjunction with the spring group 
meetings of A.S.T.M. committees; and during the annual meeting of the 
Society in New York City. 

During the year, Committee C-9 reviewed its field of activity and 
submitted for the consideration of the Executive Committee of the Society 
astatement of its scope in keeping with the now generally recognized fields 
of the several national groups which are concerned with concrete. 

Subsequent to the 1936 annual meeting, Committee C-9, in cooperation 
with Committee D-4 on Road and Paving Materials, presented to the 
Society through Committee E-10 on Standards the following two proposed 
tentative methods of test: 


Tentative Methods of: 


Test for Specific Gravity and Absorption of Coarse Aggregate (C 127-36 T), to — 


replace the Standard Method of Test for Apparent Specific Gravity of Coarse _ 


Aggregates (D 30-18) and the Tentative Method of Test for Apparent _ 
Specific Gravity of Coarse Aggregates in a Saturated Condition (C 86-317). 


Test for Specific Gravity and Absorption of Fine Aggregate (C 128-36 T), to _ 
replace the Standard Methods of Test for Apparent Specific Gravity of Sand, 
Stone and Slag Screenings and Other Fine Non-Bituminous Highway © 
Materials (D 55-25) and the Standard Method of Test for Approximate — 


Apparent Specific Gravity of Fine Aggregate (C 68 — 30). 


These proposed methods were accepted! for publication as tentative on 


August 26, 1936, and appear in the 1936 Proceedings? The four methods — 


which were superseded by these two new tentative standards were accord- 
ingly discontinued. 


An analysis of the present situation with respect to admixtures, made | 


ty Subcommittee XV on Admixtures (G. A. Smith, chairman), has revealed 
that until new information is developed little progress can be made toward — 
the objectives of the subcommittee and consequently the subcommittee has _ 
een discontinued. It is realized, however, that admixtures are important — 
ad that with further developments Committee C-9 should undoubtedly = 


Hoes tbmitting these tentative methods to Committee E-10 on Standards, Committee C-9 reported the 

Method results of the letter ballot vote of a total of 33 ballots returned from a committee membership of 61: 
; Pale affirmative 33, negative 0; Methods C 128, affirmative 32, negative 

Tents: 

tive Standards, pp. 511 and 514. 


(311) 


tive 1. : 
_ Soc. Testing Mats., Vol. 36, Part I, pp. 805 and 808 (1936); also 1936 Book of A.S.T.M. | 
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again concern itself with matters relating to their use and coming within 
. the scope of the committee’s activities. The subject is, therefore, to be 
2 in abeyance and not abandoned. 

For the development of specifications and methods of tests covering 
the many varieties of admixtures that have been proposed, a considerable 
amount of research is needed. A single item that in itself has delayed work 
on specifications and methods of test of many admixtures is the lack of a 
test for workability of concrete. Progress is being made toward the — 
ment of a test for this purpose by Subcommittee XIV on Workability of 
Concrete (F. R. McMillan, chairman) and by other agencies, but the 
difficulties are great and meanwhile it is necessary to mark time with that 
phase of the study of admixtures. Until the producers and users of such 
materials can organize research on an adequate scale, little further progress 
can be made by the committee. 

7 A paper entitled “A Study of Plastic Mortar Cubes,” by H. W. 
Leavitt, submitted by Subcommittee XI on Evaluation of Data is pre- 
sented as an appendix to this report. . 


RECOMMENDATIONS AFFECTING STANDARDS 


Committee C-9 is recommending one new tentative specification; one 
new tentative method of test; revisions of three tentative standards; 
tentative revisions of four standards; the adoption as standard of two 
tentative methods; and the withdrawal of two standards. These proposals 
are given in detail below and are listed in Table I. 

I. Proposed Tentative Standards.—The committee submits for publica- 
tion as tentative the following specifications and method of test: 

Proposed Tentative Specifications for Lightweight Aggregate for Con- 

crete-—In response to a need of some years’ standing for a specification for 
lightweight aggregate a study of the requirements for such an aggregate 
was undertaken by Subcommittee IX on Specifications and Methods of 
Tests of Aggregates (H. F. Clemmer, chairman) which has resulted in the 
preparation of the proposed tentative specifications appended hereto." 

Proposed Tentative Method of Test for Abrasion of Coarse Aggregate by 
Use of Los Angeles Machine.—This tentative method which is appended 

. hereto? was prepared in cooperation with Committee D-4 on Road and 
Paving Materials to meet a need for a more accelerated abrasion test which 
would introduce the effect of impact more decidedly. 

II. Proposed Revisions of Tentative Standards.—Revisions are being 

_ proposed i in three tentative standards as explained in detail below: 

Tentative Specifications for Concrete Aggregates (C 33-36 T).—It!s 

7 recommended that these specifications be revised as follows, as proposed by 


1 Additional revisions of these specifications were presented at the annual meeting, see Summary of Pro- 
eee = p. +- The tentative specifications appear on p. 798. 
3 See p. 801. 


8 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 788 (1936); also 1936 Book of A.S.T.M. Tenta- 
tive Standards. 
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Subcommittee IX on Specifications and Methods of Tests of Aggregates 
H. F. Clemmer, chairman), and continued as tentative: 
Section 1.—Change from its present form: namely, 


1. Fine aggregate shall consist of sand or other approved inert materials with — 
imilar characteristics, or a combination thereof, having hard, strong, durable particles 
and shall conform to the requirements of these specifications. 


to read as follows: 


1. Fine aggregate shall consist of natural sand, sand prepared from stone, blast- 
fymace slag, or gravel; or, subject to the approval of the engineer, other inert materials 
wing similar characteristics. 


Section 2.—-Change Paragraph (a) from its present form: namely, 


2. (a) The amount of deleterious substances shall not exceed the following 
maximum requirements: 
MAXIMUM 
PERMISSIBLE 


PERCENTAGE 
BY WEIGHT 


3 
l 
Other local deleterious substances (such as shale, alkali, mica, coated 
grains, soft and flaky particles) > 
Total coal, clay lumps, shale, soft fragments and other local deleterious 
substances 


Note.—It is recognized that under certain conditions percentages of deleterious sub- 
stances less than those shown in the table should be specified as a maximum. 


to read as follows: 


2. (2) The amount of deleterious substances shall not exceed the following limits: 


RECOMMENDED MAXIMUM 
PERMISSIBLE PERMISSIBLE 
LimITs, Limits, 
PER CENT BY PER CENT BY 
WEIGHT WEIGHT 
Clay lumps, not more than 3 


Coal and lignite — 
Material finer than No. 200 sieve: 
(a) In concrete subject to surface abrasion, not more 
han 


t 3 
(b) All other classes of concrete, not more than 5 
Other deleterious substances (such as shale, alkali, mica, ; 
coated grains, soft and flaky particles) as specified as specified 
_ Note.—The recommended limits should be specified on all work where it is econom- 
illy practicable to obtain materials conforming thereto. 


Section 6.—Change from its present form: namely, 


6. The amount of deleterious substances shall not exceed the following maximum 
requirements: 


MAXIMUM 
PERMISSIBLE 
PERCENTAGE 

BY WEIGHT 
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to read as follows: 


6. The amount of deleterious substances shall not exceed the following limits 
RECOMMENDED Maximum 
PERMISSIBLE PERMISSIBLE 
Limits, Limits, 
PER CENT BY PER CENT BY 
WEIGHT WEIGHT 
Soft fragments 5 
Coal and lignite . 1 


Clay lumps 0.25 0.25 


Material finer than No. 200 sieve 0.5 (Note 2) 1 (Note 2) 
Other deleterious substances as specified as specified 


Norte 1,—The recommended requirements should be specified on all work where it 
is economically practicable to obtain materials conforming thereto. 


NoTE 2.—When the material finer than the No. 200 sieve consists essentially of crusher 
dust the recommended and maximum permissible limits specified above may be raised to 
2 and 14 per cent, respectively. 


Section 7.—Add to the table of grading requirements after the } in. to 
: No. 4 size a reference letter “a” to refer to the following footnote: 
_-—- *Not more than 5 per cent passing the No. 8 sieve. 


Tentative Methods of Test for Soundness of Fine Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate (C 88-35 T)' and for Soundness of 
Coarse Aggregates by Use of Sodium Sulfate or Magnesium Sulfate (C 89- 
35 T).—The committee recommends that these two methods be revised 
and combined into a single method entitled Tentative Method of Test 
for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sul- 
fate. The revised methods in their consolidated form are appended hereto.’ 

III. Revision of Standards~—The committee recommends that revi- 
sions, as given in detail below, of the following four standards be accepted 
for publication as tentative: 

Standard Method of Making and Storing Compression Test Specimens 
of Concrete in the Field (C 31 — 33).3—The present provisions of this standard 
are inadequate to cover the method of storage of concrete specimens during 
the first 24 hr. This is especially serious now that high-early-strength 
cements are being used and until this matter of storage is controlled more 
adequately, false strength results may be obtained. The following proposed 
tentative revisions of this method have accordingly been prepared by Sub- 
committee VII on Methods and Apparatus for Testing Concrete (A. T. 
Goldbeck, chairman): 

Section 4.—Add a new Section 4 on Storage Box to read as follows, 
renumbering the subsequent sections accordingly: 

1 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, pp. 842, 837 (1935); also 1936 Book of A.S.T.M. 
Tentative Standards, pp. 507, 502. 
? Additional revisions of these methods were presented at the annual meeting, see Summary of . roceed 


ings, p. 24. The methods in their revised form appear on p. 804. 
31936 Book of A.S.T.M. Standards, Part II, p. 337. 


314 
—— 
condit 
ore 
and 
f concr 
mean: 
box 
and f 
inter 
Cal 
com 
foll 
bra 
Cal 
bra 
stir 
ch 
du 
me 
the 
by 
a 
th 


On CONCRETE AND CONCRETE AGGREGATES 

4. Storage Box.—In order to afford reasonably uniform temperature and moisture 
conditions during the first 24 hr., for curing the specimens and to protect them from 
damage, the cylinder molds shall be placed within a storage box (Note) so constructed 
and kept in such a position on the work that its air temperature when containing 
concrete specimens shall remain within 60 to 80 F. (16 to 27 C.). Other suitable 
means which provide similar temperature and moisture conditions may be used. 

Note.—It is suggested that the storage box mentioned in Section 4 (a) be made of 
\.in, dressed tongue-and-groove lumber, well braced with battens to avoid warping. The 


box should be well painted inside and outside and should be provided with a hinged cover 
and padlock. 


Section 7—Change Paragraph (a) to read as follows by the addition 
f the italicized words and the omission of those in brackets: 

7. (2) At the end of 24 hr., test specimens shall be removed from the [place of 
casting] storage box and, if desired, [molds] the mold may be removed. ‘Those specimens 


intended for laboratory control tests shall be placed under moist curing conditions at 
approximately 70 F. and maintained therein until tested. 


Standard Specifications for Curing Portland-Cement Concrete Slabs with 
Calcium-Chloride Admixture (C 82 — 34).—On the recommendation of Sub- 
committee XIII on Curing of Concrete (R. W. Carlson, chairman) the 
following revisions in these specifications are presented as tentative: 

Title —Change to read as follows by the omission of the word in 
brackets: 


Standard Specifications for Curing Portland-Cement Concrete [Slabs] with 
Calcium-Chloride Admixture. 


Section 1.—Change to read as follows by the omission of the words in 
brackets: 


1. These specifications cover the method of curing [exposed] portland-cement 
concrete [slabs] by accelerating the setting and hardening of the concrete by means of 


calcium chloride [solution] incorporated with the mixture. i= 


Sections 3 and 4.—Replace these two sections which read as follows: 


3. A concentrated solution shall be prepared by adding 100 Ib. of calcium chloride 
‘0 13 gal. of water previously placed in the container. The solution shall be thoroughly 
surted until it is of uniform concentration and shall have a specific gravity of from 
1.31 to 1.36 at 60 F. 
_ 4. From 2 to 3 pt., according to the rate of set of the concrete, of the calcium 
ciloride solution for each bag of cement (or for each 94 lb. of cement) shall be intro- 
duced into the drum of the mixer with the mixing water. A positive automatic 
mechanical method shall be used for introducing the calcium chloride solution into 
the mixer drum in company with the water. 


ty the following new Section 3, renumbering the subsequent sections 
accordingly : 


3. Use of Calcium Chloride.—Calcium chloride may be added to the mix in either 
dry or solution form, as follows: ——— ao 


*1936 Book of A.S.T.M. Standards, Part II, p. 326. 
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(2) When used in the dry form from 1 to 2 lb. of calcium chloride per bag of 
cement, according to the temperature* prevailing at the time of concreting, shall be 
placed in the skip with the aggregates but not in contact with the cement, just prior 
to discharging the contents of the skip into the mixer drum. 

(b) When used in the solution form the following procedure shall be followed in 
the preparation and addition of the solution to the concrete mix: Dissolve one bag of 
calcium chloride (100 lb.) in a quantity of water sufficient to make 25 gal. of solution 
(100 qt.). The solution shall be thoroughly stirred until it is of uniform concentration, 
From 1 to 2 qt. of this solution per bag of cement, according to the temperature: 
prevailing at the time of concreting, shall be introduced into the drum of the mixer 
with the mixing water. The quantity of mixing water shall be reduced by the amount 
of calcium chloride solution used. A positive method shall be used for introducing 
the calcium chloride solution. 


* The following amounts are recommended: At temperatures below 80 F. (27 C.), 2 lb.; 80 to 90F, (27 
to 32 C.), 1.5 lb.; above 90 F. (32 C.), 1 lb. (1 qt. of solution contains 1 1b. of calcium chloride). 


Section 5.—Change to read as follows by the addition of the italicized 
words and figure and the omission of the figure in brackets: 


[5]. 4. The concrete shall be finished and edged promptly after placing, as concrete 
containing calcium chloride hardens more rapidly than plain concrete. 


Standard Specifications for Curing Portland-Cement Concrete Slabs by 
Surface A pplication of Calcium Chloride (C 83 — 36).'\— The following minor 
change is also presented as tentative on the recommendation of Subcom- 
mittee XIII: 

Section 4.—Change Paragraph (a) to read as follows by the addition 
of the italicized words and figures and the omission of those in brackets: 


4. (a) After removal of the burlap, the pavement shall be sprinkled and [2] 1.5 lb. 
of calcium chloride shall be immediately applied to each square yard of the pavement 
surface. The material shall be spread by means of a squeegee or suitable mechanical 
device, and [further shoveled or broomed if necessary] shall be screeded or belted upon 
dissolution to [secure] insure uniform [distribution] coverage of the concrete slab. 
[Spreading shall not be done with shovels or brooms alone.] 


Standard Specifications for Ready Mixed Concrete (C 94 —-35).2—The 
following revisions prepared by Subcommittee XVIII on Ready-Mixed 
‘Concrete (R. B. Young, chairman) and amended at the meeting of Com- 
mittee C-9 on March 4, 1937, are recommended for publication as tentative: 

Section 14.—Change to read as follows by the omission of the words 
in brackets: 

14. [Coarse] Aggregates shall be measured by weight. [Fine aggregates shall be 
measured by weight or by inundated volume in a device approved by the purchaser. 

Batch weights shall be based on dry materials and shall be corrected to take into 
account the weight of moisture contained in the aggregates. 
Section 19.—Add to the marginal heading a reference letter “a” t 
_-Tefer to the accompanying footnote. 


11936 Book of A.S.T.M. Standards, Part II, p. 327. 
2 Ibid., p, 313. 
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al 


Change the sixth sentence of this section to read as follows by the 
ddition of the italicized words and the omission of those in brackets: 


When the central mixing plant is [depended upon] used for the complete mixing 


din ‘ concrete to be transported in an agitator truck, the minimum mixing time for mixers of 
g of ;, yd. capacity or less shall be not less than 1 min.; for larger capacities of mixers 
tion is mixing time shall be increased at the rate of 15 sec. or more for each cubic yard, 
‘ion. raction thereof, additional capacity. 
ure® Immediately following the sixth sentence add a new sentence to read 
as follows: 
cing When the central mixing plant is used for the complete mixing of concrete to be 
transported in a non-agitating truck, the minimum mixing time for mixers of 1-cu. yd. 
; pacity or less shall not be less than 1 min.; for larger capacities of mixers this mixing 
oon time shall be increased at the rate of 30 sec. or more for each cubic yard, or fraction 
reof, additional capacity. 
ized 
New Sections.—Add as new Sections 20 and 21 the seventh and eighth 
sentences, respectively, of Section 19, modified to read as follows, renum- 
crete bering the subsequent sections accordingly: 
20. Agitation.s—When mixed concrete is transported in a truck mixer or an 
s by gitator, the size of batch shall not exceed the rated capacity of the equipment for 
inor gitation as stated by the manufacturer, and as stamped in metal at a prominent 
om- place on the equipment. The concrete shall be agitated at the rate specified by the 
manufacturer as agitating speed. 
™ 21. Shrink-Mixing.*—When a truck mixer, or an agitator provided with adequate 
tion mixing blades is used for transportation, the mixing time at the central mixer may be 
S: reduced to the minimum required (about 30 sec.) to incorporate the ingredients of the 
$b mixture into a mass, and the mixing completed in the truck mixer or agitator. Under 
th ese circumstances, all ingredients for a batch shall be in the central mixer and 
nical tially mixed before any concrete is discharged to the truck mixer or agitator, and 
anes size of batch shall not exceed the rated capacity of the equipment for shrink-mixing 
slab stated by the manufacturer, and as stamped in metal at a prominent place on the 
jupment. ‘The mixing time in the truck mixer or agitator shall be as specified for 
tuck mixing in Section 22. 
The 
fixed * The Tentative Standards and Recommended Practices for Truck Mixers and Agitators of the Revolving 
1X Mae Z he National Ready Mixed Concrete Association place the following limitations on Capacities 
peeds: 
Am- 3. Capacities.—(a) When used for truck mixing the capacity of top-door-loading truck mixers shall be in 
ti re: ordance with the manufacturer's rating but the volume of mixed concrete shall not exceed 50 per cent of 
Ive. gross volume of the drum. 
ords (b) When used for truck mixing the capacity of end-loading truck mixers shall be in accordance with the 
eer S rating but the volume of mixed concrete shall not exceed 57.5 per cent of the gross volume 
0 When used for shrink mixing, the capacity of truck mixers shall be in accordance with the manu- 
all be _ tating but the volume of mixed concrete shall not exceed 66.66 per cent of the gross volume of 
aser i? When used for agitating, the capacity of the truck mixer or of the truck agitator shall be in accordance 
$ : 4 the manufacturer’s rating but the volume of mixed concrete shall not exceed 80 per cent of the gross 
into m. 
” to “imum safe load carrying capacity for which the equipment was designed. 


4. Mixing 
rye Peripheral velocity of the drum of 225 ft. per min. (10 to 15 r.p.m., depending on size of mixer.) 


= 
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Section 20.—Renumber as Section 22 and add to the marginal heading 
a reference letter “a” to refer to the accompanying footnote. 
Section 22.—-Change to read as follows by the addition of the italicized 
words and figures and the omission of those in brackets: 


[22] 24. Concrete shall be delivered to the site of the work, and discharge from the 
hauling container shall be completed within a period of 1} hr. (Note 1) after the intro- 
duction of the mixing water to the cement and aggregates, or the cement (Note 2) to 
the aggregate [when the fine aggregate contains moisture in excess of 6 per cent by 
weight and the coarse aggregate contains moisture in excess of 3 per cent by weightl, 


Immediately following this section add two new notes to read as 
follows: 


Note 1.—Research has shown that a period of 14 hr. between the introduction of 
mixing water and the completion of the discharge of the batch results in no detrimental 
effects on the concrete; under specially favorable conditions periods up to 2 and 3 hr. 
may be allowed. Where air temperatures are unusually high, or the ingredients of the 
concrete mixture are such that an unusually quick time of set or loss of plasticity may 
occur, it may be necessary to specify shorter periods to insure that no damage be done 
to the concrete; under these circumstances an investigation, satisfactory to the engineer, 
with the materials to be used and in the proposed proportions, should be conducted to 
determine if a shorter period is necessary. tt is unlikely that, except under the most 
unusual circumstances, it will be necessary to substitute a period of less than 1 hr. for the 
1} hr. applicable to normal conditions. 


aggregates may be waived when, in the judgment of the engineer, the aggregates are sufli- 
ciently free from moisture that there will be no harmful effects on the cement. 


@ Note 2.—The limitation on the time between the introduction of the cement to the 


IV. Adoption of Tentative Standards as Standard.—The committee 
recommends that the following two tentative methods of tests, which have 
been in satisfactory use for two years, be approved for reference to letter 
ballot of the Society for adoption as standard: 

Tentative Method of Test for Amount of Material Finer Than No. 200 
Sieve in Aggregates (C 117-35 T).\—This method was prepared by Com- 
mittee C-9 in cooperation with Committee D-4 on Road and Paving 
Materials as a revision of the decantation test procedures described in the 
existing Standard Method of Test for Quantity of Clay and Silt in Gravel 
for Highway Construction (D 72-21)? and Standard Method of Decan- 
tation Test for Sand and Other Fine Aggregates (D 136 -28).* With the 
adoption as standard of Tentative Method C 117, these two latter methods 
are recommended to be withdrawn. 

Tentative Method of Test for Determination of Voids in Coarse Aggregate 
for Concrete (Dry Rodded) (C 30 - 35 T).4—The committee recommends that 
this test procedure be combined with the Standard Method of Test for 


_ 1 Proceedings, Am. Soc, Testing Mats., Vol. 35, Part I, p. 832 (1935); also 1936 Book of A.S.T.M. Tents 
r tive Standards, p. 488 


2 1936 Book of A.S.T.M. Standards, Part II, p. 1050. 
3 Ibid., p. 1051. 


ta- 
4 Proceedings, Amn. Soc. Testing Mats., Vol. 35, Part I, p. 846 (1935); also 1936 Book of A.S.T.M. Tea 
tive Standards, p. 517. 
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Determination of Voids in Fine Aggregate for Concrete (C 30-22)! as 
eral methods of test for determination of voids in aggregates for concrete. 
V. Withdrawal of Standards.—The committee recommends the with- 
drawal of the following standard methods inasmuch as they have been 
superseded by the Tentative Methods of Test for Specific Gravity and 


Absorption of Coarse Aggregate (C 127-36 T) and of Fine Aggregate 
C 128 - 36 T): 


Standard Method of Test for Absorption by Aggregates for Concrete (Laboratory 
Determinations) (C 95 — 36)? 


Standard Method of Field Test for Absorption of Mixing Water by Aggregates 
for Concrete (C 96 — 36)? 


The recommendations appearing in this report have been submitted 
to letter ballot of the committee which consists of 60 members, with the 
results shown in Table I. 


4 
TABLE I.—ANALYsSIS OF LETTER BALLOT VOTE. 


Items 


I. Propossp Tentative SranDaRps 
ifications for ay 
of Test for Abrasion of 


II. Proposzp Revisions or TznTative STANDARDS 
ipdientions for Concrete Aggregates (C 33 - 36 T) 
ethods of Test for Soundness of Fine Aggregates by Use of Sodium Sulfate or Magnesium 
Sulfate (C 88-35 T) and Test for Soundness of Coarse Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate (C 89-35 T), revised and combined 


III, Proposgp Tentative Revisions or STaNDARDS 
Method of Making and Storing Compecien Test Specimens of Concrete in the Field (C 31 - 33) 
for Curing Portland-Cement Concrete Slabs with Calcium-Chloride Admixture 


Method of Test for Absorpti by Agmrenates for Con —y Determinations)(C 95-36) | 42 0 
lor rption by ates for Concr ions 
Method of Field Test for Absorption of Mixing Water by Aggregates for Concrete (C 96~36)...| 41 0 


* The classified vote on the proposed tentative revision of the Standard Specifications for Curing Portland-Cement Concrete 
abe with Calcium-Chloride Admixture was as follows: Affirmative: 7 producers, 15 consumers, 11 general interests; negative: 
2 consumers, 2 general interests. 


'1936 Book of A.S.T.M. Standards, Part II, p. 360. 
* Ibid., pp. 330 and 332. 
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This report has been submitted to letter ballot of the committee which 
consists of 60 members; 44 members returned their ballots, all of whom 
have voted affirmatively. 4 
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Respectfully submitted on behalf of the committee, r" 


R. W. Crum, 
Chairman. 
. LITEHISER, 
Secretary. 


A STUDY OF PLASTIC MORTAR CUBES _ 
By H. W. Leavitt! 


This study, sponsored by Subcommittee XI on Evaluation of Data, of Com- 
ittee C-9 on Concrete and Concrete Aggregates, is an investigation of three tech- 
ues for the preparation of 2-in. plastic mortar cubes. This report was prepared 
“om the tests made for Subcommittee XI by ten cooperating laboratories listed later 
the report. 

The techniques under investigation are as follows, the details of the tests being 
utlined in Table I: 


Series II. Molds not sealed to base plates, total mixing time 2} min 
Series III. Molds sealed to base plates, total mixing time 3} min. 


Series I. Molds sealed to base plates, total mixing time 2} min. J : 


TABLE I.-—OUTLINE OF TESTs. 


Mixing Time, 


Number of 
min. 


Specimens 
Made Number 


of Days 
Paste Each Day 
Only 
1 


Sealed to base plates 
Not sealed to base plates 
Sealed to base plates. 


Three cubes were fabricated for each series on 60 different days so a fully cooperat- 
ng laboratory made 180 cubes for each series, or 540 cubes in all. The cubes were 
ested at two ages, 3 days and 7 days. Certain laboratories also presented data on 
ests at 28days. The procedure followed was that described in the Tentative Method 
{ Test for Compressive Strength of Portland-Cement Mortars (A.S.T.M. Desig- 
nation: C 109 — 34 T) of the American Society for Testing Materials,? except as noted. 

The mixture used in all series was 1:2.77 plastic mortar with graded Ottawa 
ind as specified in Tentative Method C 109-34 T. The specimens were all 2-in. 

bes made six at a time from a single batch. The three comparison specimens from 
batch tested at a given age constituted a set. 

For each method of test (Series I, II, and III), only six cubes were made each 
“ay, one half of which were used for tests at 3 days, and the other half for tests at 
‘days. The project was planned to give reasonably adequate data. a: 

‘Secretary, Maine Technology Experiment Station, University of Maine, Orono, M 


e. 
..' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 743 (1934); also 1937 Book of A.S.T.M. Ten- 
ive Standards, p. 459. | 
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j 
APPENDIX 
Total 
Series Molds Number 
of 
Specimens 
0 360 
13 33 6 3 and 7 60 360 


q 


The following ten laboratories cooperated in the work which was started early 
in 1935: 
- Atlas Portland Cement Co. Lehigh Portland Cement Co. 
__ Bessemer Limestone and Cement Co. Maine State Highway Laboratory 
Bureau of Public Roads Missouri State Highway Laboratory 
i Illinois State Highway Laboratory National Bureau of Standards 
Iowa State Highway Laboratory Portland Cement Assn. 


The outline of the test procedure was furnished by Mr. J. C. Pearson, Research 
Engineer, Lehigh Portland Cement Co. 

In order that the tests made by the different laboratories can be discussed anony- 
mously, they have been assigned designating letters, A, B, C, etc., in this report. 
These letter designations, however, have no relation to the order in which the labora- 
tories are listed above. Laboratories A, F, G, H, and J, completed all of the speci- 
mens on each of the 60 days for the three series at the 3 and 7-day ages. Laboratory B 
failed to make any 3-day tests, but completed the 7-day and 28-day tests. Labora- 
tory C made tests only on Series II. Laboratory D made tests only on 45-day speci- 
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TABLE II.—MEANS AND STANDARD DEVIATIONS OF DAILY COMPRESSIVE STRENGTHS OF 
Mortar CuBES FABRICATED IN THE DIFFERENT LABORATORIES. 


3-Day Tests 7-Day Tests 


Mean, Standard Deviations, Standard Deviations, 
Ib. per sq. in. Ib. per sq. in. ’ , in. Ib. per sq. in. 


Series 
I 


SSSSSESS: 


oo 
to 


mens. Laboratory E made tests only on Series II and III, and Laboratory I on 
only Series I and II. Laboratory H ran 28-day tests. 

The different laboratories were allowed to choose their portland cements pro- 
viding it was an ordinary commercial cement and not of the quick acting or high- 
early-strength type. As a result, the mortars used by the various laboratories ranged 
in compressive strength from 1102 to 1827 lb. per sq. in. at the 3-day age, and from 
1909 to 3368 Ib. per sq. in. at the 7-day age. The absolute compressive strengths 
between laboratories may differ significantly because of this variation in the strengths 
of the cements used. Unfortunately, this is not the only cause of variation in the 
tests as will be shown later. Each laboratory chose or made its own cube molds, 
which undoubtedly caused further variations in the cast specimens.! 


5 [ MEANS AND STANDARD DEVIATIONS OF COMPRESSIVE STRENGTHS OF 
Mortar CuBES ARRANGED BY TYPE OF Mix AND LABORATORY 

The mean compressive strengths shown by the different types of tests as carried 
out by the ten cooperating laboratories are shown in Table II. 


1 See paper by J. R. Dwyer, “‘ Effect of Departure from Planeness of Bearing Surfaces on the Compre). 
Strength of Two-inch Mortar Cubes,” Proceedings, Am. Soc. Testing Mats., Vol. 36, Part Il, p. 351 ( : 
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TABLI 
Laboratory 
‘\ Series | Series | Series | | Series | Series | Series | Series | Series | Series | Series | Series Teste 0 
I Il ll II lll I Il lll I II Ill 
1419 1399 61.6 65.5 72.6 | 2256 | 2210 | 2187] 91.1} 89.3 | 104.5 
| | 3135 | 3368 | 3105 | 181.2 | 198.6 | 175.9 
7 See te 1668 1554 | 105.8 100.8 2768 2895 | 2729 | 138.6 | 125.9 | 163.7 Batehe 
1488 1418 80.9 2923 2788 | 118.0 | 137.2 
1222 1187 | 52.9 58.6 1917 1961 1909 | 70.9 | 77.5) 75.9 
REESE 1126 1102 | 105.6 102.1 2168 2159 2091 | 182.1 | 168.0 | 157.7 
MARES ERIE 1827 1763 | 105. 104.9 2941 3066 2939 | 179.4 | 166.2 | 187.6 
y 7 | TS 1553 1463 | 112.8 118.2 2489 2572 2466 | 171.9 | 197.6 | 150.0 atiy 
Average.............| 1429 | 1477] 1412 0.8 | | 90.4 2511 | 2583 | 2527 | 141.7 | 131.0 | 144.1 
3 
— The 
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From the data for the 3-day tests given in Table II, two facts are evident: (1) the 
ndividual means and standard deviations of compressive strengths vary widely 
fetween laboratories and (2) the average mean strengths and standard deviations of 
strengths of the different series differ somewhat but do not obviously favor one type 
{test as being better than another. The data of the 7-day tests given in Table II 
support the same conclusions as have been drawn for the 3-day specimens. There 
sq wide variation between laboratories inthe strengths of the cubes they fabricated. 
The differences between the ineans of the different series for any one laboratory are 
wch less and do not obviously favor one type of mix over another. An accurate 
nalysis is required to determine the significance of any differences between these __ 
es. Before proceeding in this analysis it is desirable to define or describe what is 
neant by a good test method. : . 
A good test method has the following attributes: the method should involve _ 
the least work for the results obtained; the results should be easily and accurately -_€ ; 


Taste IJ].—ANALYSIS OF VARIANCE* BETWEEN AND WITHIN BATCHES OF MORTAR. 


Mean Squares 


Source of Variation 7-Day Testa 


Series I i Series III 


*George W. Snedecor, “Calculation and Interpretation of Analysis of Variance and Covariance,” Collegiate Press, Inc., 
Ames, Iowa, 1934, pp. 1 to 96. 


e M. Cox and George W. Snedecor, “Covariance Used to Analyze the Relation Between Corn Yield and Acreage,” 
Joonal, Farm Economics, Vol. XVIII, No. 3, August, 1936. 


* Ratio of larger mean square to smaller mean square: 1.2 is highly significant. 


measured; and they should be reproducible, that is, repeated tests on duplicate 
amples should give very nearly the same results as the original tests. The basic 
ita for evaluating a test method is evidently the similarity or dissimilarity of the 
mpressive strengths of test specimens made at the same and at different times by 
‘Same operator using the same methods. 

The three test specimens were made from the same mortar mix. Each series 
ala mix of its own, that is, there were three mixes of three specimens each on each 
“ay. The 3-day cured cubes were made from the same mix as the 7-day cured cubes. 
bes mixed on one day should be like those mixed on another day if the test is 
“equate. Technically, the question involved is this: do mixes on successive days 
“ty more than random samples from a population with the variance of the indi- 

iual tests? Since only five of the cooperating laboratories supplied data on all 
mases of this problem, the analysis will be limited to the data from these laboratories. 
‘ne data, tabulated by laboratory and series, are presented in Table III. 


rly 
e 
rch 
ny- 
ort. 
yB 
ora- 
1 
OF 
| 
‘reedom 
ong, Series I | Series II } Series III 
4 421 2 088 5489 | 14871 7 832 : 
eS 1552 1104 2 633 3 025 3 383 
series Tests of same 120 1317 1526 1119 4 253 4 847 4651 
Ill 8 817 10 280 31 961 42 032 33113 
3 096 3215 2351 10 830 10 703 71570 
04.5 
75.9 13 281 15 611 25 307 24 269 32 085 
8712] 10634] 10833] 15720] 18896] 18876 
163.7 Batches on successive days...... 59 {1G............] 35311] 34718] 31770] 100657] 89554] 74548 
137.2 H............] 34311 | 42498 | 34342] 103638] 83548] 110113 
by Ses 35 751 26 817 68 040 78 952 46 289 
187.6 ee 3.00 7.48 4.61 1.63 4.21 
6.85 9.81 5.97 6.25 5.58 
150.0 22.75 28.39 23 .67 18.48 16.03 
144.1 11.12 11.41 6.28 7.38 6.47 
pro- 
nigh- 
nged 
from 
gths 
igths 
1 the 
olds, 
OF 
rried 
ressive 
(1936). : 
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For each of the five laboratories there are 120 possible comparisons of compressive 
strengths of cubes, each comparison from mortar mixed on the same day. For these 
laboratories there are 59 comparisons of compressive strengths on cubes made on 
different days. If the mixing, etc., has been uniformly performed, or can be uni- 
formly performed, these two sets of tests should agree within reasonable limits, the 
limits set by the variation of the materials. These two sets of variations are isolated 
in Table III as, “tests of same batch” and “batches on successive days.” In every 
case the mean square of the batches on different days is larger than that on the same 
day and by a highly significant amount as shown by the relative ratios, F. This is 
true for every laboratory, for the three types of mixes, and for the two curing times, 
No laboratory makes duplicate mixes agree. This fact is astounding and, if true for 
all types of mortar and cement testing, is serious. 

Laboratories A and F have less variation in both the test within a batch and 
tests between batches than do the other laboratories. Laboratory H has a wider 
variation in the individual tests. Cubes in the same mix have coefficients of variation 
ranging from 2.0 to 6.7. The variation within mixes indicates some uniformity of 
tests on cubes made from the same batch of mortar. 

The serious difficulty is the inability of operators to make batches alike on dif- 

ferent days. The coefficients of variation between mixes on different days range 


TABLE IV.—ANALYsSIS OF VARIANCE BETWEEN BATCHES AND LABORATORIES. 


Mean Squares 


Source of Variation Degrees of Freedom 3-Day Tests 7-Day Tests 


Series I | Series II | Series III | Series I Series II | Series Ill 


295 72 750 82 129 71 623 188 017 177 131 169 687 
Laboratories........... 4 33 540 709 | 41 872 405 | 36 470 847 | 80899044 |102 951 499 | 88 153 613 
Relative ratio, F.......| All highly significant 461.0 509.8 509.2 430.3 581.2 519.5 


from 7.8 to 12.2, or they have two to four times as great a variation as that between 
tests on the same day. The variations at the 3-day and 7-day ages are fairly constant. 
Since successive batches vary in an unaccountable manner, their variation must 
constitute the experimental error with which laboratories should be compared. The 
results of the necessary analysis of variance, that is, comparing the variations due to 
batch differences with the variations due to laboratory differences, are shown in 
Table IV. 
The highly significant relative ratios, F, found in Table IV show, what in a sense 
was already understood, that there are marked and highly significant differences 
between laboratories, even when the large experimental errors are properly taken 
into consideration. It is possible, therefore, to conclude that a result in one labora- 
tory is not comparable with a result in another laboratory. Part of this difference 1s 
known to be due to the cement used. 
These laboratory differences may be evaluated and the effect of differences in 
material in the three series largely overcome by use of proper statistical techniques. 
A problem of more immediate importance, however, is a method to overcome the 
fact that laboratories cannot mix a batch of cement one day and have it comparable 
with a batch of cement mixed on the succeeding day. The study, as it was performed, 
offers a possibility of measuring this inaccuracy in the technique and of making due 
allowance for it. The reasoning behind this approach is as follows: The 3-day and 
7-day test cubes were made from the same mix. If the technique of mixing from one 
day to the next was perfect, the test strengths of the 3-day cubes of the same mi 


J 
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one day would agree with those made the following day. The same would be 
for the 7-day cubes. The 3-day cubes could be used as measures of the inaccuracy 
ce e mixing of the different batches. A method of avoiding the consequences of 
ni. ariation in the daily batches and of measuring the variations of the 7-day tests 
- the sugh the 3-day daily cube tests were held constant, would give the data desired, 
lated s, the variation of the 7-day test on the assumption that the technique of making 
very ifferent mixes is the same throughout the 60 daily tests. The correlation coef-— 
same nts for, and the regressions of the 3-day and 7-day tests give the requisite data 
his is rthiscomparison. ‘This analysis divided for the three series is presented in Table V. 
imes. 
ie for 


Ssive 
these 


TaBLE V.2—ANALYSIS OF COVARIANCE BETWEEN 3-DAy AND 7-Day Sums. 


Sums of Squares and Products S 
(X = 3 Day, Y = 7 Day) ; , ums of 
Degrees of Correlation | Squares of 
| and Freedom Coefficients | Errors of 
wider Laboratory Estimate 


ation 
ty of 


Source of Variation 


Series 


1980298 | 2142392] 4479258 .7193: 2 161 504 
dif 1542085 | 1078845] 2782498 
dil- 6250000 | 8701900] 17816325 
6073033 | 6296667 | 18343973 | 0.59657 

5615965 | 3901330 | 12042993] 0.47439 | 9332795 


21461381 | 22121134 | 55 465047 31 038 107 
22 801 169 


32 663 878 


Serres Il 


2 350 673 4 295 540 é 3 234 810 
1 882 300 3 344 593 

6 145 058 15 851 098 
7 522 173 14 788 073 0.39653 
6 327 965 1943 355 | 13 974 418 0.20666 


24 228 169 | 15650614 | 52253 722 
10 109 791 


42 143 931 


Serres III 


2 763 218 3 292 975 5 838 325 0.81985 1914029 
1 917 400 1 273 600 3340 965 0.50320 2494998 

5 623 218 6911000 | 13 195 000 0.80231 4701 301 

6 078 493 4 688 840 | 19 490 060 0.75188 | 15873 173 

4 746 565 1 062 860 8 193 173 0.17044 7955 175 — 


21128894 | 17229275 | 50057 523 32 938 676 
14 049 383 


36 008 140 


,," Adetailed description of similar data may be found in the book by George W. Snedecor, “Calculation and Interpretation 
inalysis of Variance and Covariance,” Collegiate Press, Inc., Ames, Iowa, 1934, pp. 72 to 75. 


Table V shows the data from the five laboratories making each series of tests 
the 60 different days. The sums of the squared deviations from the means of 
sday and 7-day tests together with the sums of their cross products are tabulated 
tach laboratory and series. ‘The correlations between the 3-day and 7-day tests 
re derived from the above data together with the sum of the squares which would 
“main in the 7-day test if the 3-day test had been held constant. This value may 


derived in several ways. In the older terminology the first value, 2,161,504 would 
‘written as equal to: 


295 
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No? (1 — 1?) 
where N = degrees of freedom, ed 
o = the standard value for the 7-day tests divided by the deviation of } 
7-day tests, 
(1 — r*) = the 7-day reduction in variance when the 3-day test is held constant, and 
-_ r = the correlation coefficient between the 3-day and 7-day cube strengths, 


The sum of squares of errors of estimate, 31,038,107 (for Series I), shows the 
variation which remains in the 7-day tests when the laboratory differences are elimj- 
nated through considering the results of each laboratory separately. 

The summed results of the five laboratories may be treated in like manner. The 
sum of squares of errors of estimate for pooled laboratories is derived from the cor- 
relation between the 3-day and 7-day tests for summed data of all laboratories. Thi 
correlation is 0.6412. The variation which remains after making the 3-day tests 


TABLE VI.—TEST FOR SIGNIFICANCE OF DIFFERENCES BETWEEN LABORATORY 
REGRESSIONS OF TABLE V. 


Error of Estimate 


Degrees of Sum of 
Freedom Squares 


294 32 663 878 
290 31 038 107 


4 1625 771 


Significant 


Batches, pooled regressions............ 294 42 143 931 
Batches, laboratory regressions 290 39 546 987 


4 2 596 944 


Significant 


Batches, pooled regressions 294 36 008 140 
Batches, laboratory regressions 290 32 938 676 113 582 


—— 


Laboratory regressions 4 3 069 464 767 366 
F = 6.76 Significant 


constant is 32,663,878 and is derived for the pooled data in the same manner as for 
the individual laboratory data. The calculations for Series II and III are made as 
in Series I. 

From Table V we have two variances. The first variance, 31,038,107 for Series I, 
gives the variation within laboratories for the regression of the 7-day cube strengths 
on their companion 3-day cubes. The second variance, 32,663,878 for Series I, is the 
variance within the laboratories for the regressions of 7-day cube strengths on their 
comparison 3-day cubes plus the variation brought about by differences in the labora- 
tory regressions. The two variances can be separated and a further test of laboratory 
differences made. Table VI presents these data. 

The data of Table VI show that a significant difference between laboratory 
regressions exists. ‘The change in strength from the 3-day to the 7-day period is 
different between the different laboratories. : 

Table VII adds further information concerning the analysis of the mixing, the 
aging, and the laboratory differences. The question here considered is whether or 
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not the 7-day laboratory means adjusted for constant 3-day tests for all mixes would 
differ significantly among themselves. 

The data in Table VII show that even if the 3-day tests were alike for the dif- 

rent cement mixes on each day in each laboratory, the adjusted 7-day laboratory 
neans would differ markedly. The most obvious interpretation to place on such 
lifferences is that the conditions of the laboratories and the cements which they use 
ead to differences in the aging process. This variation is in addition to those varia- 
tions which make differences in the 3-day cubes. These facts make it evident that 
there is no way to compare the data available from one laboratory with corresponding 
data from another. It will be necessary in comparing the different techniques to 
remain strictly within the data from each laboratory... The comparisons of the 
different techniques as carried out by the different laboratories is presented in 
Table VIII. 

The data in Table VIII make the two possible comparisons between the tech- 
niques, sealed versus unsealed molds, and 23 min. versus 3} min. mixing time. The 
results indicate that there are significant differences in these techniques as they are 
performed within certain of the different laboratories. When one contrasts the 
lifferences as between the laboratories, however, the significance of these differences 
becomes contradictory. Thus laboratory A shows a significant difference between 
ealed and unsealed molds in favor of a greater strength when sealed molds are used. 


sBLE VII.—TesT FOR SIGNIFICANCE OF DIFFERENCES BETWEEN ADJUSTED 7- Day 
LABORATORY MEANS. 


Series I Series III 


Source of Variation 


Sum of 
Squares 


Sum of 
Squares 


Sum of 
Squares 


T otal adjusted for 


pooled regressions 
laboratories.............. 


84 035 884 
32 663 878 
51 372 006 


112 247 
12 843 002 


108 848 383 
42 143 931 
66 704 452 


144 824 
16 676 113 


86 245 211 
36 008 140 
50 237 071 


123 739 


12 559 268 
Relative ratio, F.......... — 114.4 115.1 101.5 


Laboratories F, H, and J also show significant differences but in the opposite direc- 
tion, a greater strength resulting from the use of the unsealed molds. ‘The results 
are definitely contradictory. What evidence there is seems to favor the unsealed 
molds as possibly giving a slightly greater strength than the sealed molds. A mixing 
time of 2} min. seems as effective as 3} min. These tentative comparisons are 
‘xtremely hazardous. No satisfactory conclusion with regard to these techniques 
an be drawn until laboratories can make their mortar mixes of any one day com- 
parable with those made of the same materials at another time. 

The comparison may be carried further by methods similar to those used earlier 
in this paper. If the assumption is made that the 3-day cubes are measures of the 
inaccuracy of the mixing of the different batches of mortar, then a method of avoid- 
ing the consequences of the variation in the daily batches and of measuring the varia- 
tions of the 7-day tests as though the 3-day daily cube tests were held constant, would 
give the comparison needed. The constants for this comparison and those for the 
Variation of the 7-day tests, on the assumption that the technique of making the 

lifferent mixes is the same throughout the 60 daily tests, is given in Table IX. As 
in Table VIII, two comparisons are possible, sealed versus unsealed molds (Series I 
ind II), and 24 min. versus 3} min. mixing time (Series I and III). 


. This fact was also learned by earlier studies of these same data, by means 8 of simple ee. 
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The criteria on which to judge the influence of the sealed versus unsealed mold 
or of 2}-min. versus 3}-min. mixing times are the ratios of the mean squares, F, at th 
right of Table IX. The significance of every comparison has been markedly reduc 
In fact, but two are left which are significant and these could easily be expected 
chance. ‘This analysis simply reinforces the conclusions of Table VIII. The fir 
evidence shows that as far as this plastic mortar is concerned there is no preferer 
in the method of testing. All methods are equally good or poor. 


From previ 


TABLE VIII.—CoMPARISON OF THE DIFFERENT TECHNIQUES OF MIXING WITHIN 
LABORATORIES AS THEY AFFECT PLastic MorTAR CUBE STRENGTH. 


Mean Squares Mean Tests 


Laboratory 7 
Between Within Relative Difference 

Series Series Ratio, Series I | Series II Series 

Tand II | Iand Il Fe Tand I] 


3-Day Tests, Serres I anv II 


62777 5.1 j 

61 754 9 686 6.4 1195 1222 —27 
Rickhindehacheshoiemmeboneaksaektekenseicdent 10 092 35 028 0.3 1138 1126 12 

403 282 38 411 10.5 1758 1827 —69 


Tests, Serres I anp II 


_ 167 593 17 308 9.7 1917 1961 —44 
1 405 987 93 593 15.0 2941 3066 —125 
637 382 73 445 8.7 2489 2572 —83 


3-Day Tests, Serres I anv III 


Between | Within | Relative f Difference, 
Series Series atio, Series I | Series III | _ Series 
Tand III | Iand II and III 


nieeinduncaadenenvadeninshivnsapibbubiniecnes 189 301 13 409 14.1 1446 1399 

5 075 9 785 0.5 1195 1187 8 
113 945 33 548 3.4 1138 1102 36 
2113 34 317 0.1 1758 1763 5 


Tests, Ser 


I anp III 


433 886 29146 | 14.8 2256 2187 

5 582 17 299 0.3 1917 1909 
540 430 87 603 6.2 2168 2091 
823 | 106876 0.0 2941 2939 
34 635 57 113 0.5 2489 2466 


riance,” Collegiate 


for “ between series” is 1 in each case; 


“within series,” 118. Relative ratio, F, is 3.9 for t 


cent point, see George W. Snedecor, “Calculation and Interpretation of Analysis of Variane 
ress, Inc., Ames, Iowa, 1934, p. 15. 


he 5 per cent 
e and Cova- 


statements of the requirements of a satisfactory test method, it would follow that 
whichever method is easiest to apply may be adopted. The methods or techniques 
involved in Series I, II, or III are all equally bad. 

The analyses of these data have emphasized one problem. None of the labora- 
tories studied was able to make one batch of mortar comparable with another batch, 
. even though they used the same ingredients and performed the technique of em: 
in the same manner. Is it possible to find out the cause of this serious variation: 
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, taste [X.—INFLUENCE OF SEALED (SERIES I) versus UNSEALED Mo tps (Series II), AND 
nolds 2}-Min. (SERIES I) versus 3}-MIN. MIXING Time (SERIES III) ON THE VARIATIONS OF 
it the 7-Day ‘TESTS (INFLUENCE OF THE 3-Day Test ELIMINATED). 

uced, 
d on Sums of Squares and Products | Variance 
Lsbora- (X = 3-Day, ¥ = 7-Day) 7-Dey for Mean 
final ry Variance Constant Square 
rence 2X? zxy | zy: | *Day 
vious 


SEALED versus UNSEALED MoLps 


Total 1350998 | 3112022 | 1902476 
Between Series I and II.. 1 110 607 187 089 
Within Series I and II... 118 1 446 215 | 1240391 2 924 933 | 1861074 


Test of significance of differences among adjusted 7-day means 41 402 


119 1 204 661 712 832 | 2209957 | 1788 154 
Between Series I and II.. 1 61 754 102 953 167 593 
Within SeriesI and II...| 118 1 142 907 610879 | 2042364 | 1715 852 


Test of significance of differences among adjusted 7-day means 72 302 


119 4 143 355 — 11 229 814 | 4 429 204 
9 


Between Series I and II.. 10 092 


1 9 7340 
Within Series land II...j 118 4 133 263 | 5 298 895 | 11222 474 | 4429 244 


Test of significance of differences among adjusted 7-day means 


119 4 935 733 | 4246550 | 12 450001 | 8 796 402 
Between Series I and II.. 1 403 282 753 750 | 1405 987 
Within Series I and II... 118 4532 451 | 3492 800 | 11044014 | 8352390 


Test of significance of differences among adjusted 7-day means 444 012 444 012 


119 4581553 | 2566745 | 9303 852 | 7 865 872 
Between Series I and II.. 1 599 359 618 625 637 382 
Within Series I and II... 118 3 982 194 | 1948120 | 8666470 | 7713 488 65 927 


Test of significance of differences among adjusted 7-day means 152 384 152 384 


2}-min. versus 3}-min. M1xine Time 


119 1771 608 | 2099198 | 3873080 | 1385717 
1 189 301 287 500 433 886 
118 1 582 307 | 1811698 | 3439194 | 1364 850 


Test of significance of differences among adjusted 7-day means 20 867 


119 | 1159661 2046 786 | 1508 452 
we 1 5 075 5 532 
Within Series I and III..| 118 | 1154586 | 784082 | 2041254 | 1508 782 


Test of significance of differences among adjusted 7-day mear 


119 5 453 393 | 10 877 538 | 3575 171 
1 249 163 540 430 
118 5 204 230 | 10337 108 | 3 493 796 


81375 81375 


Total..................] 119 | 4051 566 | 3 662 692 | 12 612 167 | 9 301 029 
Between Series I and III. 1 2113 1 068 823 
Within Series Iand III..| 118 | 4.049.453 | 3 661 624 | 12 611 344 | 9300 405 


Test of significance of differences among adjusted 7-day means 


, 119 | 3459460 | 1668197 | 6774024 | 5 969 598 
Between Series I and III. 1 5 280 13 570 34 635 
Within Series Iand III..| 118 | 3454 180 | 1654627 | 6739389 | 5 934 963 


Test of significance of differences among adjusted 7-day means 34 635 


117 15 906 
1 41402] 2.6 
ries 
id II 117 14 665 : 
1 72302 | 4.9 
27 
97 
2 117 37 856 
6 117 71 388 
9 : 
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— 
47 Between Series I and III. ; 
A | Within Series I and III 117 11 665 
: 1 | 20867] 1.7 
G | Within Series I and III. . 117° | 29861 
| Test of significance of differences among adjusted 7-day means 3.7 
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117 | 79490 
mn? 117 | 50726 
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To this end, the data have been analyzed to give an estimate of the correlatio; 
between the 3-day and 7-day tests on eliminating the significant variation betwee: 
the different batches of mortar. Under these conditions we obtain an answer to t} 
question, would a superior cube in the 3-day test be superior in the 7-day test? Tab 
X presents an analysis of the variance for all cubes divided into groups by laboratory 
and by series. 

Table X contains enlightening data. The overwhelming contributor to the total 
variation in the strengths of the cubes is the difference in the 3-day and 7-day aged 
cubes. This was to be expected because of the different cements used by the five 
laboratories. The other information is not so orthodox. 


TABLE X.—SOuURCES OF VARIATION IN CUBE STRENGTH SEPARATED BY LABORATORY 
AND SERIES. 


Mean Square 
Laboratory Source of Variation 


Series I Series II Series III 
3-day and 7-day ages 59 081407 | 56390454 | 55711742 
Daily batches of mortar. 30 351 27 696 42 903 
e-batch interaction®. .. 6 143 
i 


Wi 


3-day and 7-day ages 46 857 824 | 49047510 
Daily batches of mortar 18 312 19 009 
e-batch interaction 6 121 


1 958 


3-day and 7-day ages 95 635 562 
Daily batches of mortar 117 147 
e-batch interaction 18 821 


2 785 
3-day and 7-day ages 125 623 016 


Daily batches of mortar 
e-batch interaction 


thin the three cubes....... 3 563 9 646 


Daily batches of mortar............ 
Age-batch interaction 27 843 46 372 
Within the three cubes 6 963 6 959 


3-day and 7-day ages 92710069 | 93 167 405 
71 925 68 331 


: oe Interaction is a statistical term used by George W. Snedecor, “Calculation and Interpretation of Analysis of Variance and 
Covariance,” loc. cit., pp. 24, 26, and 32, to denote residual variation sometimes called experimental error. 


Ideally considered, were it possible for laboratories to mix consistent batches of 
mortar and sample them at random in making their cubes, the mean squares for the 
daily batches of mortar would equal those for the three cubes made from each batch 
and both in turn would equal the age-batch interaction. 

The variations of the daily batches of mortar (Table X) are in all cases significant 
- compared with the variation within the group of three cubes. The significance 
of these variations differs markedly between laboratories. 

From Table X, the ratios obtained by dividing the mean squares for “daily 
batches of mortar” by the mean square for the term, “within the three cubes,” for 

_ the different laboratories and series are: 


Mean Squares for “daily batches of mortar” 


Rete = Mean Squares for “ within the three cubes” 


Series I 
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A ratio greater than 1.2 would not be expected in 1 to 100 trials so that we may 
onclude that in no case can laboratories make their mixes of mortar consistently the 
sme on different days. Laboratory H most nearly approaches this ideal, with labora- 
wwryG the worst. However, from another aspect, laboratory H can take little pleasure 
in this fact because its variation within batches is too great as judged by the other 
uboratories. 

The ratios between the “age-batch interactions” and the “‘within the three 
cubes” are: 


Mean Squares for “‘age-batch interactions” 
Mean Squares for “‘ within three cubes” 


Series II Series III 


1.1 

3.4 

4.9 

1.5 

6.4 
In this case a ratio of 1.2 would be significant. Laboratories A and H approach 

the more ideal techniques of having the interactions most nearly like the mean squares 


for within the group of three cubes. The values of the intraclass age-batch corre- 
lations are: 


Mean Squares for “age-batch interaction” 
Mean Squares for “daily batches of mortar” 


Ratio = 


These correlations are consistent for the three series within laboratories, but 
ier rather widely between laboratories. Correlations under 0.3 may be considered 
tather low. Two laboratories (A and G) remain under this figure. 
If we compare the mean squares for the different series and within laboratories, 
"e note a remarkable agreement. It is consequently evident that the techniques 
iferentiating these series have had scarcely appreciable effects. One technique of 
lubricating the cubes is as good as the other. 


This paper shows that in the present state of testing plastic mortar cubes the 
ee techniques of cube fabrication, herein discussed, lead to essentially similar test 
ults, a one method of making cubes from plastic mortar is significantly better 
an another. 

One of the most significant facts brought out by this study is that no one of the 
berating testing laboratories was able to make two comparable batches of plastic. 
watar on different days. This surprising fact is established even though each labora- 

Y used identical materials and methods of fabrication. The extremely large - 

ations found in the daily variations of all of the laboratories point to a pressing - 
ae l for standardization of laboratory technique in testing plastic mortar, and pre- — 
‘unably in cement testing in general. 
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A second source of variation found in these data in plastic mortar tests js th 
variation of the different laboratories. This variation is partly due to differences jp 
the cements used (the other materials were presumably constant), and partly due t 
the non-standardization of the cube molds used in this study. 

A third source of variation found is one which caused the laboratories to differ 
greatly in their ability to bring out the full possibilities of the materials entering int 
the plastic mortar, even when account is taken of the difference in cements. 


SUGGESTIONS FOR FUTURE RESEARCH 


This covariance analysis brings out many general problems in cement testing 

procedure. These problems may be stated as follows: 

1. Why should cube molds be used to cast the test specimens? 

2. Has it been conclusively proven that 2-in. cubes are definitely superior to 

2 by 4-in. cylinders for the testing of plastic mortar? 

. Has it also been conclusively proven that the standard briquet is not suited 
for plastic mortar tests? 

. Do any of these tests measure the performance, the durability, or the probable 
life of concrete in field structures such as buildings, roads, and bridges? 

5. Why do we require three test specimens to represent the test characteristic 

under examination? 

In answer to the first three questions, all that can be said at the present time is 
that evidence is lacking to prove the relative value of these different types of test 

Specimens. 

The answer to the fourth question has not been found. 

This study on plastic mortar cubes shows that the worst errors in testing do not 
lie in the number of specimens used to give the average. Possibly, two specimens 
would be just as satisfactory as three. 

Improvement in the technique of making mortar batches more nearly alike should 
be encouraged. Specifically stated, daily mortar batches should be repeated and 
studied until such time as the technique can be perfected to the point where a closer 
agreement can be assured on the results obtained on the same material on different 
days. 

The conclusions of this paper suggest the great need of further study of labora- 
tory technique in the testing of plastic mortar. Such a study should have as its 
primary object the location of the reason for, and the remedy of, the extremely wide 
daily variations disclosed by this study. A parallel series of tests on standard briquets 
and on 2 by 4-in. cylinders should also be included. Such a study should indicate 
what form of test specimen is best. A further possibility would be the inclusion of 
the 28-day age period of curing. Some such data were submitted for this study, but 
time has prevented its inclusion in this paper. 
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REPORT OF COMMITTEE C-10 
ON 
HOLLOW MASONRY BUILDING UNITS 


Committee C-10 on Hollow Masonry Building Units held a meeting 
at Washington, D. C., on March 30, 1937. This was the only meeting 
held since the committee presented its 1936 report to the Society at the 
annual meeting last year. The present membership of the committee is 29, 
of whom 13 are classed as producers, 4 as consumers and 12 as general — 
interest members. 
The attention of the committee during the past year has been Gieected 
almost exclusively toward three projects: (1) an investigation of methods 
of capping structural clay tile, (2) the development of specifications for 
concrete units for non-load-bearing masonry, and (3) the proposal to merge 
Committee C-10 and Committee C-3 on Brick. 
The investigation on methods of capping is being carried out under 
) not the direction of T. R. Lawson at the Rensselaer Polytechnic Institute. 
a Itis being financed in part by the Society, through Committee E-9 on 
vould Research, in part by the donation of facilities of Rensselaer Polytechnic 
and Institute and in part by donations of materials by manufacturers of struc- 
loser tural clay tile. The method of capping structural clay tile required in the 
erent Standard Methods of Sampling and Testing Structural Clay Tile (C 112 - 
36)' has been found to be convenient and satisfactory for tiles of prismatic 
bora- 
ot shape but to result in relatively low values for the apparent strengths of 
wide bonding tile. Before capping bonding tile the recesses, intended for header 
quets bricks in masonry, must be filled to form units of prismatic shape. The 
licate apparent strengths of the tile are affected markedly by the properties of 
oe the material used for filling the recesses. In the current investigation, 
: comparisons are being obtained between various types of filling for the 
recesses of bonding tile as well as between different materials for capping. 
For several years, Subcommittee II on Concrete Units (W. G. Kaiser, 
chairman) has been considering specifications for concrete units for non- 
load-bearing masonry. A proposed specification submitted in 1932 was 
rejected by the committee because of a lack of technical information on 
the performance of concrete units in masonry. Since then several researches 
on the properties and performances of concrete units have been completed. 
€ committee now recommends the publication as tentative of the pro- 
sed Specifications and Tests for Concrete Units for Non-Load-Bearing 
1936 Book of A.S.T.M. Standards, Part II, p. 183. , 
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Masonry, appended hereto. The specifications include requirements for 
compressive strength and moisture content at time of sampling, in addition 
to limits on dimensions, workmanship and finish. 

In response to the suggestion of the Executive Committee of the 
Society, Committee C-10 considered the proposal to merge with Committee 
C-3 on Brick. At present, the fields of jurisdiction of the two committees 
are not well defined, there being several masonry products which might 
properly be considered as within the field of either committee. Moreover, 
some of the products which are of interest to both committees, such as 
glazed building units, double brick and other forms of masonry units, 
which are sometimes designated as tile and sometimes as brick, could be 
better defined by a joint committee on masonry units. The consumer and 
general interest members of Committee C-10 indicated that they were 
concerned with most of the products covered by both committees. A 
merger of the two committees would, therefore, effect a saving in their 
time in attending meetings. After a thorough discussion of the question, 
the committee voted unanimously in favor of the merger.' On letter ballot 
the vote was also favorable: out of 29 members, 25 members returned 
their ballots, of whom 23 voted affirmatively, and 2 marked their ballots 
“not voting.” 

RECOMMENDATIONS AFFECTING STANDARDS 

Proposed Tentative Standard.—The committee recommends that the 
proposed Tentative Specifications and Tests for Concrete Units for Non- 
Load-Bearing Masonry, as appended hereto,? be accepted for publication 
as tentative. These specifications have been submitted to letter ballot of 
the committee which consists of 29 members; 25 members returned their 
ballots, of whom 20 have voted affirmatively, 2 negatively, and 3 marked 
their ballots ‘‘not voting.” 


_ This report has been submitted to letter ballot of the committee which 
consists of 29 members; 24 members returned their ballots, of whom 20 
have voted affirmatively and 2 negatively. 

Respectfully submitted on behalf of the committee, 7 
D. E. 
Chairman. 
F. E. Emery, 
Secretary. 


1 The merger of Committee C-10 on Hollow Masonry Building Units with Committee C-3 on Brick was 
effected at the annual meeting by the organization of the new Committee C-15 on Manufactured 
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REPORT OF COMMITTEE C-11 
ON 


The meeting of Committee C-11 on Gypsum held in Washington, D. C., 
at the National Bureau of Standards on March 18, 1937, was the first 
meeting the committee has held since the meeting on March 7, 1934. 
Conditions were not favorable to holding meetings during the past few 
years. Considerable interest was shown at the spring meeting, which was 
well attended, and the committee contemplates a meeting in the fall to 
receive reports on several investigations which are being carried out by 
the members. 

It is with a deep feeling of regret that Committee C-11 records the 
passing of W. H. Andrews, Supervising Chemist, Allentown Portland 
Cement Co.; Albin H. Beyer, Professor of Civil Engineering, Columbia 
University; and F. Leo Smith, Architect, American Institute of Architects, 
Structural Service Department, whose deaths occurred since the last report 
of the committee was presented in 1934. 

The Standard Specifications for Sand for Use in Gypsum Plaster 
(C 35-30) and the Tentative Specifications for Sand for Use in Lime 
Plaster (C 66-31 T), the latter under the jurisdiction of Committee C-7 
on Lime, have been revised and combined into a single standard entitled 
Tentative Specifications for Sand for Use in Plaster (C 35-36 T). This 
work was undertaken at the request of Committee E-10 on Standards by a 
joint conference committee representing Committees C-7 and C-11, assisted 
by a representative of the Sectional Committee on Specifications for 
Plastering (A.S.A. Project: A42). The Tentative Specifications C 35 — 36 T 
were submitted to the Society last year by Committee C-7 on Lime.! 
Committee C-11 concurred in this recommendation, the results of the letter 
ballot vote in Committee C-11 being as follows: Out of 26 members, 25 
members returned their ballots, of whom 18 voted affirmatively, 1 nega- 
tively, and 6 members marked their ballots “not voting.” The specifications 
appear in the 1936 Proceedings. Consideration is now being given to 
certain proposed changes in these specifications for sand. 

During the past year the Standard Specifications for Gypsum Lath 
(C37 - 34), for Gypsum Wall Board (C 36 — 34) and for Gypsum Sheathing 
(1936) Report of Committee C-7 on Lime, Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 275 


* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 771 (1936); also 1936 Book of A.S.T.M. Ten- 
tative Standards, p. 415. 
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Board (C 79-34) have been modified by the addition to Section 9 op 
Finish of a note referring to the availability of gypsum lath with one surface 
covered with aluminum foil, and of gypsum wall board and gypsum sheath- 
ing board with one or both surfaces covered with aluminum foil. This 
addition was considered as an editorial change and has been incorporated 
in the specifications. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Gypsum Plasters (Miller Porter, chairman).—Some 
investigative work has been done and more is to be done on Keene’s cement 
with a view to bringing into agreement the A.S.T.M. Specifications for 
Keene’s Cement (C 61-30) and the Federal Specifications for Keene's 
Cement (SS-C-161). These specifications differ in several requirements, 
particularly as to tensile strength, fineness and testing consistency. 

The determination of the time of set of gypsum neat plaster with and 
without standard Ottawa testing sand has been before the committee for 
some time. Results indicate that standard Ottawa testing sand varies 
decidedly in its accelerative action upon the setting time of plaster. This 
variation is of sufficient magnitude to render unfeasible the idea of using 
untreated standard Ottawa testing sand for determination of time of set 
of gypsum plasters; consequently Section 7 of the Standard Specifications 
for Gypsum Plasters (C 28 — 30) will have to be revised accordingly. This 
will undoubtedly be done this coming year. 

Subcommittee IV on Testing Methods (C. K. Roos, chairman).—The 
investigative work on the ammonium acetate method of determining sand 
content of set plaster has been completed and it is expected that a paper 
on this method will be submitted to the Society for presentation at the 
1938 annual meeting. 

Because of the difficulty encountered in preparing satisfactory neat 
briquets for the determination of tensile strength, investigations have been 
conducted to determine the advisability of revising the specifications for 
gypsum to require tensile strength determinations to be made on plaster 
sanded 2 to 1 by weight. The results thus far obtained indicate that there 
is much in favor of the change. 


This report has been submitted to letter ballot of the committee which 
consists of 24 members; 23 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, ‘a a j 


J. W. GINDER, 


J. ScHwem, Chairman. 


11936 Book of A.S.T.M. Standards, Part II, pp. 97 to 105. 
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~ REPORT OF COMMITTEE C-13 


ON 


Committee C-13 on Concrete Pipe held one meeting during the year, 
in Chicago, Ill., on March 3, 1937, in addition to the meeting held in Atlantic 
City, N. J., on July 2, 1936, during the annual meeting of the Society. 


RECOMMENDATIONS AFFECTING STANDARDS 


Adoption of Tentative Standard as Standard.—The committee recom- 
mends that the Tentative Specifications for Reinforced-Concrete Culvert 
Pipe (C 76-35 T)! be revised as follows and approved for submission to 
letter ballot of the Society for adoption as standard: 

Tables I and II.—Change the headings over columns 3 and 4 in Tables 
land II and over columns 6 and 7 in Table I to read as follows by the addi- 
tion of the italicized word: 

Minimum Reinforcement, sq. in. per linear ft. of pipe barrel 

In column 5 of Table I change the minimum shell thickness of 24-in. 
pipe from “2% to read in.” 

Change the footnotes to Tables I and II to read as follows by the 
addition of the italicized sentence: 

Test loads for sand-bearing tests shall be one and one-half times those specified 
n this table for the three-edge-bearing tests. It is recommended that the sand- 
caring method be employed for testing 84-in. pipe. 

Section 14.—Change the second sentence to read as follows by the 
ldition of the italicized words and the omission of those in brackets: 

If welded, [the splices and intersections] the member at either a welded splice or 
mlersection shall develop a tensile strength not less than the minimum strength 
required for the reinforcement by the applicable specifications cited in Section 6. 

Section 17.—Change the third sentence to read as follows by the addi- 
tion of the italicized words: 


The crack shall be considered 0.01 in. in width when the point of the measuring — 
tage will, without forcing, penetrate it 7 in. at close intervals throughout the specified 
ustance of 1 ft. 

Section 20.—Add the following as a footnote to this section: 

_ It is recommended that the sand-bearing method be employed for testing 84-in. 


ten 


Sections 21 and 22.—Add a footnote to read as follows, to refer to the - 
words “2 per cent” appearing in the last sentence of Section 21 and the 
ist sentence of Section 22: 

sin gf ceedings, oy Soc. Testing Mats., Vol. 35, Part I, p. 817 (1935); also 1936 Book of A.S.T.M. Tenta- _ 
Pp. 
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It is recommended that if these specifications are used for sewers, the number 
of pieces of pipe supplied for testing shall be in accordance with Section 19 of the 
Standard Specifications for Reinforced-Concrete Sewer Pipe (A.S.T.M. Designation: 
C 75) of the American Society for Testing Materials. 


Section 26.—Change Paragraph (6) to read as follows by the omission 


: of the word in brackets: 


(b) Specimens shall be dried at a temperature not to exceed [approximately] 
230 F. (110 C.) until two successive weighings at intervals of not less than 2 hr. show 
an increment of loss not greater than 0.1 per cent of the original weight of the specimen. 


Section 33.—Change the first sentence to read as follows by the addition 


g of the italicized words and the omission of the word in brackets: 


‘ 


The quality of all materials, [processes] the process of manufacture, and th 
finished pipe shall be subject to inspection and approval by an inspector employed 


by the purchaser. 

This recommendation has been submitted to letter ballot of the com- 
mittee which consists of 25 members; 24 members returned their ballots, 
of whom 22 voted affirmatively and 2 negatively.' 


Committee C-13 has under its jurisdiction the Tentative Specifications 
for Concrete Irrigation Pipe (C 118-35 T) to which considerable study 
has been given during the year. It has been decided that they should be 
continued as tentative pending their further consideration by the committee. 


es. This report has been submitted to letter ballot of the committee which 


consists of 25 members; 25 members returned their ballots, of whom 22 
have voted affirmatively and 2 negatively. 


~ Respectfully submitted on behalf of the committee, 


Chairman. 
M. W. Lovine, 


Secretary. 


1 The classified vote on this recommendation was as follows: Affirmative: 7 producers, 12 consumers, 
3 general interests; negative: 2 producers. 
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REPORT OF COMMITTEE D-1 
ON 


PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS 


Committee D-1 on Paint, Varnish, Lacquer, and Related Products 
held a meeting on April 15, 1937, at the Washington Duke Hotel, Dur- 
ham, N. C., in conjuaction with the meeting of the Paint and Varnish 
Division of the American Chemical Society. 


During the year, on the recommendation of Committee D-1, ten _ 


pecifications for pigments were submitted by the Society to the oe 
Standards Association and approved as American standards. At the 
pring meeting of the committee eight additional specifications and five 
methods of test were approved, after a letter ballot vote of the committee, 
for submission by the Society to the A.S.A. for approval as a 
standards. 

The Society is represented on the Inter-Society Color Council by four 
representatives, M. Rea Paul being the official delegate from Com- 
mittee D-1. All A.S.T.M. standards pertaining to color will yl 
be surveyed with the view to having them available to recommend as the 
need arises. During the past year the Council has adopted new articles 
of organization and procedure and has submitted to the Revision Com- 
mittee of the U. S. Pharmacopoeia a means of designating colors that would 


to be understood in a general way by the public. 

Through H. A. Gardner, the American representative on an Inter- 
tational Standards Association Committee on paint materials, the com- 
mittee recommended for international acceptance the A.S.T.M. Methods 

pecifications for Spirits of Turpentine (D 13 - 34) and Standard Beetheds 
{Sampling and Testing Turpentine (D 233 — 36). 

Committee D-1, through its various subcommittees, is studying the 
wailability for use in specifications of laboratory methods for checking 
ihe service qualities of paint products. In order to promote still further 
“change of information, the committee through its Subcommittee VII 
mm Accelerated Tests for Protective Coatings (H. A. Nelson, chairman), is 
ponsoring a special symposium on “Correlation Between Accelerated 
laboratory Tests and Service Tests on Protective and Decorative Coat- 
gs” at which all individuals and organizations who have been trying to 
se quick laboratory service tests are invited to describe and summarize the 


ve acceptable to art, science and industry, and sufficiently en 
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results of their work. The symposium is to be divided into three topics, 
as follows:! 


Topic I. Finishes for Indoor Service (Clear and Pigmented); Leader—W. R. 
Fuller. 


Topic II. Paints for Exterior Service on Wood; Leader—H. A. Gardner. 
Topic III. Paints for Iron and Steel (Structural and Motive Service); Leader— 
C. F. Rassweiler. 

Two new subcommittees have been organized during the past year, 
as follows: Subcommittee XXVII on Specifications for Interior Flat 
Paint under the chairmanship of E. F. Hickson, and Subcommittee XXVIII 

n Specifications for Spar Varnish, under the chairmanship of W. R. 
Fuller. 

The two following subcommittees have been discontinued: Subcom- 
mittee XIV on The Preparation of Iron and Steel Surfaces for Painting 
and Subcommittee XXIII on Anti-Fouling Paints. 

Since the last annual meeting, 16 new members have been elected, 

5 resignations have been accepted and 4 deaths reported, leaving a total 
membership of 214. 

Of the thirteen D-1 subcommittees, seven furnished reports of progress 
and four submitted detailed reports affecting standards that have resulted 
in the committee making the following recommendations to be acted upon 
at the annual meeting: 

I. Two new tentative specifications, one tentative method of test 

and one tentative method of analysis are being submitted. 

II. Revisions are proposed for immediate adoption in one standard 

_ method of test and two standard methods of analysis, and as tentative in 
five standard specifications and one standard method of analysis. 

III. Revision is proposed of one tentative specification and two ten- 

- tative methods of test. 
IV. One tentative method is recommended for adoption as standard. 
V. One tentative revision of a standard method of analysis is recom- 
_ mended for adoption as standard. 
VI. Withdrawal is recommended of one standard method of analysis. 


RECOMMENDATIONS AFFECTING STANDARDS 

In this report, recommendations affecting standards and tentative 
standards are noted in brief form below, together with the results of the 
letter ballot. These recommendations are explained in the reports of the 
subcommittees directly responsible for them. ; 

I. Proposed Tentative Standards.—The committee submits for publica- 
tion as tentative, the following two new specifications, one method of 
analysis, and one method of test, as appended hereto: 


! See Symposium on Correlation Between Accelerated Laboratory Tests and Service Tests on 


and Decorative Coatings, December, 1937. (Available as separate publication). 
2 See pp. 842, 840, 849 and 869. 
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Subcommittee XV, 

Tentative Methods of Routine Analysis of Zinc Yellow Pigment (Zinc Chromate 
Yellow), as proposed by Subcommittee VIII, and 

Tentative Method of Test for Spectral Apparent Reflectivity of Paints, to re- __ 
place Standard Method D 307 — 30, as proposed by Subcommittee XVIII. _ 


Tentative Specifications for Zinc Sulfide Magnesium Pigment, as proposed by . 
Subcommittee XV, 
Tentative Specifications for Titanium-Magnesium Pigment, as proposed by 


est and methods of analysis, and accordingly asks for the necessary nine- _ 
tenths vote at the annual meeting in order that these modifications may be 
referred to letter ballot of the Society for immediate adoption: 


Standard Methods of Test for Coarse Particles in Dry Pigments and Coarse be 
Particles and Skins in Mixtures of Pigments and Vehicles (D 185-29), 
revised as proposed by Subcommittee VIII, 

Standard Methods of Routine Analysis of Dry Red Lead (D 49 - 35), revised as > 
proposed by Subcommittee VIII, and 

Standard Methods of Routine Analysis of Titanium Pigments (D 186-33), 
revised as proposed by Subcommittee VIII. 


The committee further recommends that the revisions proposed in 
the following specifications and method of analysis be accepted for publica- _ 
tion as tentative: 


Standard Specifications for Raw Tung Oil (D 12-33), as proposed by Sub- 
committee IIT, 

Standard Specifications for Perilla Oil, Raw or Refined (D 125 - 23), as proposed > 
by Subcommittee III, 

Standard Method of Routine Analysis of Dry Cuprous Oxide (D 283 - 36), as 
proposed by Subcommittee VIII, ; 

Standard Specifications for Zinc Oxide (D 79-24),.as proposed by Subcom- _ 
mittee XV, 

Standard Specifications for Basic Sulfate White Lead (D 82-24), as proposed — : 
by Subcommittee XV, and 

Standard Specifications for Zinc Sulfide (D 386-36), as proposed by Subcom- 
mittee XV. 


_ IIT. Revision of Tentative Standards.—The committee recommends 
tat the following tentative specification and two methods of test be 


twised, as referred to in the reports of the subcommittees, and continued as _ 
tentative : 


Tentative Specifications for Raw Soybean Oil (D 124-33 T), as proposed by 
Subcommittee IIT, | 

Tentative Method of Test for Comparative Hiding Power of Paints (D 344- 
32 T), as proposed by Subcommittee VIII, and 

Tentative Method of Test for Comparative Hiding Power of White Pigments. 
(D 406 - 35 T), as proposed by Subcommittee VIII. 
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IV. Adoption of Tentative Standard as The committee 
recommends that the Tentative Methods of Testing Nitrocellulose Clear 
Lacquers and Lacquer Enamels (D 333-34 T) be revised as indicated 
below and approved for reference to letter ballot of the Society for adoption 
as standard: 


Section 6.—Omit the bending test described in this section which reads 
as follows: 


6. The composition of the metal test panel for the bending test, the gage thereof 
and the manner of application of lacquer coating applied thereto, shall be mutually 
agreed upon by the buyer and seller. 

The test shall be made by bending the panel at a uniform rate through an angle 

_ of more than 140 deg. over a mandrel of mutually agreed upon radius. 


TABLE I.—ANALYsSIS OF LETTER BALLOT VOTE. 


Items 


I. Proposgp Tentative StanpaRps 
Specifications for Zinc Sulfide Magnesium Pigment* 
Specifications for Titanium-Magnesium Pigment® 
Methods of Routine Analysis of Zinc Yellow Pigment (Zinc Chromate Yellow) 
Method of Test for Spectral Apparent Reflectivity of Paints, to replace Standard Method D 307. 


II. Proposzp Revisions or STanDARDS 


Methods of Test for Coarse Particles in Dry Pigmente a and Coarse Particles and Skins in Mixtures 
and Vehicles (D 185 - 29), immediate adoption 

mot of Routine Analysis of Dry Red Lead (D 49 - 35), immediate adoption 

Methods of Routine Analysis of oe Pigments (D 186 - 33), immediate adoption 

Specifications for Raw Tung Oil (D 12 - 33) 

Specifications for Zinc Oxide (D 79 - 24) 

Specifications for Basic Sulfate White Lead (D 82 - 24) 

Specifications for Perilla Oil, Raw or Refined (D 125 - 23) 

Specifications for Zinc Sulfide (D 386 - 36) 


Ill. Revisions or Tentative STANDARDS 


Specitentions for Raw Soybean Oil (D 124 - 33 T) 
of Test for Comparative Hiding Power of Paints (D 
Method of Test for Comparative Hiding Power of White 


IV. Apoption or Tentative SranpaRD a8 STANDARD 
Methods of Testing Nitrocellulose Clear Lacquers and Lacquer Enamels (D 333 - 34 T), as 


V. Apoprion as Sranparp or Tentative Revision or 
Methods of Routine Analysis of White Linseed Oil Paints (D 215 - 35) 


VI. Wrrnprawat or Sranparp 


Method of Analysis for the Color Characteristics of Paints in Terms of Fundamental Physical 
Units (D 307 - 30) 69 0 


for Titanium-Magnesium Pigment was as follows: Affirmative: 36 producers, 8 consumers, 8 general interests; negative: 


: 7 @ The classified vote on the Tentative Specifications for Zinc Sulfide Magnesium Pigment and the Tentative Specifications 
7 producers, 2 consumers, 1 general interests. 


V. Adoption as Standard of Tentative Revision of Standard.—The 
- committee recommends that the existing tentative revision in the following 
standard method of analysis be referred to letter ballot of the Society for 
adoption as standard: 


Revision of Standard Methods of Routine Analysis of White Linseed Oil Paints 
ole (D 215 - 35), as proposed by Subcommittee VIII. 
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VI. Withdrawal of Standard.—The committee recommends the with- 
drawal of the following standard which is being replaced by a new tentative — 
method of analysis: 


Fundamental Physical Units (D 307 - 30), as proposed by Subcommittee _ 
XVIII. 


The above recommendations have been submitted to letter ballot of _ 
the committee which consists of 214 members; 88 members have returned _ 
their ballots. The analysis of the vote of the committee is given in Table I. | 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IIT on Testing of Paint Vehicles (H. A. Gardner, chair- — 
man).—In the report of Subcommittee III, appended hereto, the several 
recommendations mentioned earlier in this report are discussed in detail. 


Subcommittee VII on Accelerated Tests for Protective Coatings (H. A. 
Nelson, chairman).—-This subcommittee reports progress in the work of 
itssubgroups. Group 1 on House Paints (C. H. Rose, chairman) has been 
engaged in comparing chalking resistance and gloss retention of a series of 
five paints in various accelerated weathering machines with exterior 45- 
deg. panels and vertical exposure weathering. A committee of three has 
been appointed to review the respective test data and the tentative con- 
dusions which have been drawn. Present indications are that the ac- 
clerated weathering cycles of the machines used did not accurately predict 
the gloss retention and chalking of the paints on exterior vertical exposure, 
and that the 45-deg. tests, although presenting a truer picture than the 
accelerated tests, also failed to foretell loss of gloss and chalking obtained 
on vertical exposure. The report from Group I on these tests is given in 
the appended report of the subcommittee. A new test series is being con- 
sidered by this group. 

Group 4 on Lacquers is being organized under the chairmanship of 
E.H. Bucy. 

Group 6 on Metal Protective Paints (J. C. Moore, chairman) has 
practically completed a series of tests on three paint systems applied over 
sand-blasted steel to determine similarity and order of failure of the ac- 
tlerated tests as compared with 45-deg. and vertical weathering. 


Subcommittee VIII on Methods of Analysis of Paint Materials (E. Y. 
Hickson, chairman).—In the report of Subcommittee VIII, appended 


hereto, the several recommendations mentioned earlier in this report are 
discussed in detail. 


Subcommittee IX on Varnish (W. T. Pearce, chairman).—This sub- 
ommittee reports progress in the work of its subgroups. Group | has com- 
pleted a method for determining the reactivity of varnishes that will be 
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4 
placed in form for submission very shortly. Group 2 is continuing its 
work on the development of standard adhesion tests. Group 4 anticipates 


the early conclusion of its work on methods of evaluating failure of varnishes 
upon exposure. Group 5 reports progress in its work on checking and 
examining various methods for determining depths of color in varnishes, 
Group 6 is giving consideration to a study of the drying time of varnishes, 
which will involve defining of each type of drying and a study of methods 
for measurement. 

This subcommittee has considered the present tentative methods 
under its jurisdiction and has decided not to recommend any changes in 
their status. 


Subcommittee XII on Turpentine (F. P. Veitch, chairman).—This 
subcommittee reports progress in its work on detection of some of the 
newer mineral and coal-tar oil adulterants in turpentine. Consideration is 
also being given to the comparative results obtainable with the 3-in. im- 
mersion thermometer, as against the total-immersion Anschutz thermon- 
eter, for distillation. 


Subcommittee XV on Specifications for Pigments Dry and in Oil When 
Marketed in That Form (H. E. Smith, chairman).—This subcommittee 
recommends for publication as tentative the Specifications for Zinc Sulfide 
Magnesium Pigment and Specifications for Titanium-Magnesium Pig- 
ment, as appended hereto.! These specifications cover new varieties of 
pigments that are attaining commercial recognition. 

Revisions for publication as tentative are proposed in the Standard 
Specifications for Basic Sulfate White Lead (D 82-24)? in the form of 
separate tentative specifications appended hereto.* It is pointed out that 
the present standard specifications require a chemical composition that no 
longer represents the market condition for a good and acceptable pigment. 

This subcommittee further recommends for publication as tentative 
the following revision in the Standard Specifications for Zinc Oxide (D 79- 
24).4 Zinc oxide is now made in different varieties with respect to physical 


properties in order to accommodate the paint maker and it is, therefore, 
desirable to specify these physical properties in greater detail. 


Section 3.—Change Paragraph (a) to read as follows by the addition 
q of the italicized words and the omission of those in brackets: 
3. (a) The color, tinting strength, brightness and oil absorption {color strength], 
‘ when specified, shall be equal to that of a sample mutually agreed upon by the buyer 
and the seller. 
A tentative revision of a minor nature in the Standard Specifications 
" for Zinc Sulfide (D 386 — 36)5 is recommended, as indicated below, for the | 
1 See pp. 842 and 840. 
2 1936 Book of A.S.T.M. Standards, Part II, p. 604. 
3 See p. 838 


1936 Book of A.S.T.M. Standards, Part II, p. 606. 
/bid., p. 610, 
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On PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS 


1g its sake of simplification and to make the specifications more nearly uniform 
pates with others for similar pigments: 

lishes Section 2.—Change Paragraph (a) to read as follows by the addition 
5 and of the italicized words and the omission of those in brackets: 

ishes. 2. (a) Dry Pigment.—The dry pigment shall consist of zinc sulfide, within the 
ishes, limits [described below, without the addition of any material other than that in- 
thods ident to the process of manufacture] prescribed in these specifications. 

This subcommittee recommends that the title of the present Stand- 
thods atd Specifications for Zinc Sulfide Pigment (Barium) (D 385-36)! be 
es in changed to read “Standard Specifications for Zinc Sulfide - Barium Pig- 

ment,” in order to avoid the use of the cumbrous parenthesis. A similar 
-This change will also be desirable in the statement of scope in Section 1. It is 
f the proposed that these modifications be considered as simply editorial changes. 
on is This subcommittee has devoted careful study to all white pigments 
containing zinc and expects shortly to give attention to the desirability of 
proposing revisions in the Standard Specifications for Aluminum Powder 
for Paints (Aluminum Bronze Powder) (D 266-31) and Standard Speci- 
fications for Gold Bronze Powder (D 267 —31). Consideration will also be 
Littee given to the development of specifications for zinc chromate as an anti- 
ilfide corrosion primer for steel. This subcommittee will continue the study of 
Pig. umbers and siennas begun two years ago, and further contemplates the 
°s of possibility of modernizing and reformulating requirements for pure, un- 
extended reds of the class covered in the Standard Specifications for Com- 

dard mercial Para Red (D 264 - 28). 


m of Subcommittee XVIII on Physical Properties of Materials (M. Rea 
Paul, chairman).—This subcommittee recommends the withdrawal of the 
Standard Method of Analysis for the Color Characteristics of Paints in 
Terms of Fundamental Physical Units (D 307 — 30),? and the publication 
as tentative, of a complete revision of this standard method under the new 
title of “Method of Test for Spectral Apparent Reflectivity of Paints,” 
as appended hereto.? Advancement in the science of colorimetrics has 
rendered obsolete some of the requirements set forth in the present Stand- 
ard Method D 307, which made necessary the preparation of a new ten- 
tative method which includes a number of improvements and brings this 
test up to date. 

This subcommittee has developed several definitions in connection 


with gloss and its specification that should be in form for presentation in 
the near future. 


Subcommittee XXV on Cellulose Ester Coatings (R. M. Carter, chair- 
man).—This subcommittee recommends that the Tentative Methods of 


Tid Book of A.S.T.M. Standards, Part II, p. 612. pes 
See p. 


: 
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Testing Nitrocellulose Clear Lacquers and Lacquer Enamels (D 333- 
34 T) be adopted as standard with the deletion of the bend test as described 
earlier in this report. 


This subcommittee reports marked increase of interest in work on 
solvents and finished lacquers. 


Subcommittee XXVI on Underground Pipe Protection (F. N. Speller 
chairman).—This subcommittee has obtained considerable data regarding 
impact tests and durability of bituminous primers under alternate im- 
mersion and exposure to weather. ‘The subcommittee believes that two 
specifications, one for coal-tar primers and the other for asphalt-base 
primers, might prove sufficient. Work on the development of these speci- 
fications will be delayed pending receipt of further information on ad- 
hesion and durability of these materials. The subcommittee requests 
that coating manufacturers bring to the committee’s attention any speci- 
fications for bituminous primers for cold application to iron and steel pipes, 


together with suggestions on the preparation of surfaces and data on 
performance tests. 


This report has been submitted to letter ballot of the committee which 
consists of 214 members; 88 members returned their ballots, of whom 
71 have voted affirmatively and none negatively. a 4] 

Respectfully submitted on behalf of the committee, 
ALLEN ROGERS, 


Chairman. 
M. REA PAUL, 


Secretary. 
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REPORT OF SUBCOMMITTEE III ON TESTING OF PAINT VEHICLES 


Subcommittee III on Testing of Paint Vehicles is recommending 
tentative revisions in two standard specifications and revisions in one 
tentative specification, as follows: 


Standard Specifications for Perilla Oil, Raw or Refined (D 125 — 23):4 
Section 1.—-Change the requirement for color of perilla oil to read as 
follows by the addition of the italicized words: 
‘ot darker than a freshly prepared solution ce hy 
1.0 g. potassium dichromate in 100 cc. pure 


H.2SO, (sp. gr. 1.84), or its equivalent in tron- 
cobalt solution, or in Lovibond glasses. a 


Add to Section 3 the following requirement: - 
clear and transparent at 65 C. 


Section 3 (h).—-Change the test for determining color of perilla oil from 
its present form to read as follows: 


(kh) Color—Prepare a fresh solution of pure potassium bichromate in pure 

lorless H,SO, (sp. gr. 1.84). This solution should be in the proportion of 1.0 g. of 

potassium bichromate to 100 ml. (184.0 g.) of H:SO,. Place the oil and colored 

lution in separate thin-walled, clear glass tubes of the same diameter (1 to 2 cm. ) to 

a depth of not less than 2.5 cm. and compare the depths of color by looking transversely 
through the columns of liquid by transmitted light. 

The iron-cobalt liquid equivalent to the above bichromate solution may be 
prepared as follows: Mix 29.4 ml. of Solution No. 1 with 17.6 ml. of Solution No. 2 
and 53.0 ml. of Solution No. 3. The three base solutions referred to have the following 
composition : 

Solution No. 1 ae 


HCl (2 per cent) 
Solution No. 2 CoCh-6H,0 


HCl (2 per cent) 3.0¢g. 
Aqueous solution of HCl (2 per cent) 


The Lovibond equivalent to the above iron-cobalt solution shall be as follows: 
ted 17.5, yellow 120.0, and blue 0.20. 


The depth of liquid shall be 10.5 mm. 
Add the following test for appearance of perilla oil to this section as a 
new Paragraph (7): 


(1) Appearance.—If the oil is cloudy when cold, it shall become clear and 
transparent when heated at 65 C. for 5 min. 


Standard Specifications for Raw Tung Oil (D 12 - 33):? 


Section 1—Change the table in this section by the addition of the 


following requirements for color and appearance of raw t of raw tung oil: 


henge of A.S.T.M. Standards, Part II, p. 729. 
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COlor.... NOt darker than a freshly prepared solution of 
1.0 g. potassium dichromate in 100 ml, pur 
H2SO, (sp. gr. 1.84), or its equivalent ir 
iron-cobalt solution, or in Lovibond glass 
clear and transparent at 65 C. 


Section 3.—Add the following note at the end of Paragraph (c) of this 
section: 
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Note.—If tung oil of low acid value and pale color is desired, the maximum acid valye 
should be reduced to 3.0, and the maximum color to 0.03 g. of dichromate per 100 ml. of 
H,SO, (or iron-cobalt, or Lovibond equivalents). 

Add to this section as a new Paragraph (7) a description of the test for 
determining color identical with that recommended above for inclusion in 
Section 3 (h) of Specifications D 125-23. At the end of this new Paragraph 
(j) add the same Note as proposed above for inclusion in Paragraph (c). 

Add to this section as a new Paragraph (k) a description of the test for 
appearance identical with that recommended above in Section 3 (2) of Speci- 
fications D 125 — 23. 

Tentative Specifications for Raw Soybean Oil (D 124-33 T)2 

Section 1.—Revise the table in this section by changing the present 
requirement for loss on heating at 105 to 110 C. from “0.1 max., per cent” 
to read ‘‘0.2 max., per cent.” 


After the requirement covering saponification number in this table, 
insert the following requirements: 


Unsaponifiable matter, per 1.5 max. 
Appearance clear and transparent at 65 C. 


Add at the end of the requirement for color, appearing in this table, the 
phrase “or in Lovibond glasses.” 


Section 3.—Add the following test for unsaponifiable matter of raw 


soybean oil as a new Paragraph (g), relettering the remaining paragraphs 
accordingly : 

(g) Unsaponifiable Matter—Weigh 8 to 10 g. of the oil. Transfer to a 250-ml. 
long-neck flask. Add 5 ml. of a strong solution of NaOH (1:1) and 50 ml. of ethyl 
alcohol (95 per cent). Put a condenser loop inside the neck of the flask and boil for 
2 hr. Occasionally agitate the flask to break up the liquid, but do not project the 
liquid onto the sides of the flask. At the end of 2 hr., remove the condenser and allow 
the liquid to boil down to about 25 ml. 

Transfer to a 500-ml. glass-stoppered separatory funnel, rinsing with watcr. 
Dilute with water to 250 ml., and add 100 ml. of redistilled ether. Stopper and shake 
for 1 min. Let stand until the separation between the two layers is sharp and clear. 
Draw off all but one or two drops of the aqueous layer into a second 500-ml. separatory 
funnel and repeat the process, using 60 ml. of ether. After thorough separation, draw 
off the aqueous solution into a 400-ml. beaker, then transfer the ether solution to the 
first separatory funnel, rinsing down with a little water. Return the aqueous solution 
to the second separatory funnel and shake out again with 60 ml. of ether in a similar 
manner, finally drawing the aqueous solution into the beaker and rinsing the ether 
into the first separatory funnel. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 720 (1933); also 1936 Book of A.S. T.M. Tentative 
Standards, p. 583. 
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Shake the combined ether solution with the combined water rinsings and let 
stand until the separation between the two layers is sharp and clear. Draw off the 
water and add it to the main aqueous solution. Shake the ether solution with two 
portions of water (about 25 ml. each). Add these to the main water solution. 

Swirl the separatory funnel so as to bring the last drops of water down to the 
stopcock and draw off until the ether solution just fills the bore of the stopcock. 
Wipe out the stem of the separatory funnel with a bit of cotton on a wire. Draw off 
the ether solution (portionwise if necessary) into a 250-ml. flask and distill off. While 
still hot, drain the flask into a small weighed beaker, rinsing with a little ether. 
Evaporate this ether, cool the beaker, and weigh. 

Note.—The unsaponifiable oil from adulterated drying oils may be volatile and as a 
onsequence may evaporate on long heating. Therefore, heat the beaker on a warm plate, 


occasionally blowing out with a current of dry air. Discontinue heating as soon as the odor 
if ether is gone. 


Reletter Paragraph (i) on color as Paragraph (7) and make the descrip- 
tion of the test for color identical with that recommended above in Section 
3 (h) of Specifications D 125 — 23. 

Add to this section as a new Paragraph (j) a description of the test for 


appearance identical with that recommended above in Section 3 (7) of Spec- 
ifications D 125 — 23. 


The subcommittee is considering the preparation of specifications for 
such oils as oiticica, hempseed, sunflower and menhaden. Preliminary 


work toward establishing specifications for these oils will be carried on 


during the coming year. 
@ 


Respectfully submitted on behalf of the subcommittee, 


H. A. GARDNER, 
Chairman. 
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REPORT OF SUBCOMMITTEE VII ON ACCELERATED ‘TESTS For 
PROTECTIVE COATINGS 


_ Group I on House Paints (C. H. Rose, chairman) of Subcommittee 
VII, has been engaged in studying the chalking and gloss retention of a 
series of five house paints under various weathering conditions. 

Eleven accelerated tests have been made on these paints. Fifteen 
exterior 45-deg. exposure tests and fourteen vertical exposure tests have 
been made in twelve locations. The various cooperators submitted a 
record of their inspections and also evaluated the results of the exposure 
tests. 

This report from Group I is based upon the findings of the Review Com- 
mittee which studied the results reported by the individual cooperators. 

At the April 15, 1937, meeting of Group I at Chapel Hill, N. C., a 
committee was appointed to review the replies of the cooperators to the 
questionnaire about the 1935-1936 paint tests which was designed to show 
the correlation of the laboratory accelerated tests and the 45-deg. tests 
with the vertical exposure tests for gloss retention and chalking. The 
Review Committee comprised Messrs. F. C. Schmutz, J. F. Broeker, and 
C. H. Rose. 

The Review Committee has studied the test data and replies to the 
questionnaire and in a few cases believe that the cooperators’ data lead 
to a different answer to Questions A and B. 


Question A. Having only the accelerated test data, would the south exterior vertical 
exposures be correctly predicted? 


Question B. Having only the 45-deg. test data, would the south exterior vertical 
exposures be correctly predicted? 


A summary of the replies on Questions A and B is presented in the 
following tabulation: 


Question A Question B 


Exactly Approximately | Not At All Exactly Approximately | Not At All 

Cooperators’ Conclusions. . None 3 5 

Review Committee’s Con- 
jusions 


Review Committee's Sug- 
gestions for Final Report None 4 5 


4° 4 


® In the case of this reply there was some question as to whether the agreement was exact or approximate. 

> In the case of one reply there was some question as to whether the agreement was approximate or no agreement. 
© In the case of one reply there was some question as to whether the agreement was exact or approximate. 

4 In the case of three replies there was some question as to whether the agreement was approximate or not at all. 


The suggestion for the final report was made on a basis of reporting 
the doubtful agreement as being in the next class. - 


(350) 
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In the accelerated weathering tests, machines with carbon-arc light 
and mercury-vapor-lamp light were used. The correlation of the accel- 
erated tests with the vertical exposure tests was as follows: oo 

REVIEW 
COMMITTEE'S COOPERATOR’S 


CONCLUSIONS CONCLUSIONS 
Machines with Carbon Arc (Five): 


Exact correlation with exterior vertical exposure tests.. none 
Exact correlation with exterior vertical exposure tests, ; 
but with a question as to whether correlation was 
exact or approximate 
Approximate correlation 
No correlation 
Machines with Mercury-Vapor Lamp (Three): 
Exact correlation with exterior vertical exposure tests.. none 
Approximate correlation 2¢ 
Approximate correlation but with a question as to 
whether correlation was approximate or no cor- 
relation 
No correlation 


* Two tests in the same machine. 


Correlation of Accelerated Tesis with South Exterior Vertical Exposure Tests: 


Data on nine accelerated tests and corresponding vertical exposure 
tests are available. In the opinion of Group I none of the accelerated 
tests exactly predicted the exterior exposure in regard to chalking and 
gloss retention; four accelerated tests gave an approximately correct pre- 
diction, and five accelerated tests gave a false prediction. 


Correlation of 45-deg. Exposure Tests with South Vertical Exposure Tests: 

Data on eleven exterior 45-deg. exposure tests and corresponding 
exterior vertical exposure tests are available. In the opinion of Group I 
one 45-deg. test gave an exact prediction in regard to chalking and gloss 
retention, five tests gave an approximately correct prediction and five 
tests gave a false prediction. 

The accelerated weathering tests used in this study were the ones 
regularly used by the individual cooperators. The exterior vertical ex- 
posure tests show that none of the accelerated weathering procedures 
used could be recommended by Subcommittee VII as being entirely 
suitable for testing house paints for gloss and chalking. Although the 
45-deg. tests presented a truer picture of the ultimate failure of the 
paints in respect to chalking and gloss retention than the accelerated 
tests, the 45-deg. tests failed to satisfactorily foretell the loss of gloss or 
the chalking obtained on vertical exposure. 


Light Source, Accelerated Weathering Machines: 


Five accelerated weathering machines had carbon arcs as the light 
source. In the opinion of Group I two machines gave results which were 
approximately the same as the exterior exposure results and three machines 
gave results which did not correlate with the exterior tests. 
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Four accelerated weathering tests were made in machines with mer. 
cury-vapor lamps, there were three machines, two tests being made in th 
same machine, and in the case of this machine the two accelerated tests 
gave approximate correlation with the exterior results. The two other 
machines with the mercury-vapor lamp gave no correlation. 


Conclusions: 


These tests indicate a need for further study of accelerated weathering 
and the development of an accelerated weathering procedure or cycle 
which will more closely foretell the failure of house paints in respect to 
gloss and chalking and also other types of failure when exposed to exterior 
conditions. 


Respectfully submitted on behalf of the subcommittee, 


H. A. NELSOon, 
Chairman. 
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REPORT OF SUBCOMMITTEE VIII ON METHODS OF ANALYSIS OF 


Methods of Analysis: 


The Society has no methods for the analysis of zinc yellow. This 
rather old pigment has come into prominence in recent years as a constituent 
of priming paints for metal. The U. S. Navy uses a great deal of this — 
pigment in aircraft paint and the National Bureau of Standards is receiving 
an increasing number of paints for priming metal, based on a zinc yellow-iron 
oxide combination. At the request of the Bureau of Construction and 
Repair of the U. S. Navy, Subcommittee XV is preparing specifications for 
zinc yellow. Thus the need of A.S.T.M. methods of analysis for this 
pigment is apparent and Subcommittee VIII has accordingly prepared 
proposed Tentative Methods of Routine Analysis of Zinc Yellow Pigment 
(Zinc Chromate Yellow), which it is recommending for publication as 
tentative, as appended hereto.! 

Recommendation is made for the advancement to standard of the 
present tentative revision? of the Standard Methods of Routine Analysis of 
White Linseed Oil Paints (D 215 - 35).3 

This subcommittee recommends for immediate adoption the following 
revision in the Standard Methods of Test for Coarse Particles in Dry 
Pigments and Coarse Particles and Skins in Mixtures of Pigments and 
Vehicles (D 185 — 29), since it has been suggested by several paint tech- 
nologists that a No. 325 sieve test is of no value on enamels. For example, 
in the latest revision of the Federal Specifications for Black Enamel 
TT-E-521) and for Red Enamel (TT-E-531a) the sieve test has been 
omitted as being of no value. 

Procedure B.—Change the title of Procedure’ B to read as follows by 
the addition of the italicized word and the omission of the words in brackets: 


B. Water-Soluble Pigments, Pastes in Oil, Pastes in Japan, and Mixed Paints 
land Enamels]. 


This subcommittee likewise recommends for immediate adoption the 
iollowing revision in the Standard Methods of Routine Analysis of Titanium 
Pigments (D 186 —33)5 since it feels it is more desirable to refer to the 
standard method of test for tinting strength than to have a separate 


method of test for tinting strength of titanium pigments, as is the case at 
present : 


tive 


(353) 


ls 
ig 
le 
See p. 849, 
= Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1201 (1936); also 1936 Book of A.S.T.M. Tentae P 
Standards, p. 1339, 
chee ae A.S.T.M. Standards, Part II, p. 662. . 
Ibid., p. 656, 
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Section 4.—Change this section, which describes a test for tinting 
strength, from its present form to read as follows: 


4. Tinting strength shall be determined in accordance with the Standard Method 
of Test for Tinting Strength of White Pigments or White Pigment Pastes (A.S.T.M. 
Designation: D 332) of the American Society for Testing Materials. 


The use of the chloroform-acetic acid wetting agent for red lead that 
has been extracted from a paste-in-oil or paint was incorporated in the 
Methods of Routine Analysis of Dry Red Lead (D 49-35) about 1928. 
It was not intended to be applied to dry red lead; however, it was written 
to include both dry powders and extracted pigments. ‘There is no need of 
the wetting agent with the dry powder and there is also the danger that an 
error in analysis might be due to its use, particularly in the hands of an 
inexperienced analyst. Its use in extracted pigments (that may contain a 
small amount of unextracted oil) is desirable. Thus Subcommittee VIII is 
recommending for immediate adoption the following revision in Standard 
Methods D 49: 

Section 8.—-Change the first two sentences from their present form to 
read as follows: 

Weigh 1 g. of the finely-ground sample, transfer to a 200-ml. Erlenmeyer flask, 
add 20 ml. of distilled water; then add as quickly as possible 40 ml. of the “‘red-lead 
solution” at room temperature. If the sample is red-lead which has been extracted 
from the paint or paste, in place of the distilled water use 10 ml. of a mixture of 7 
parts by volume of chloroform and 3 parts by volume of c.p. glacial acetic acid; and 
then add without delay the red-lead solution. Add 30 ml. of water containing 5 or 


6 g. of sodium acetate and titrate at once with 0.1 N sodium thiosulfate, adding the 
latter rather slowly and keeping the liquid constantly in motion by whirling the flask. 


This subcommittee further recommends that the following editorial 
change be made immediately in the Standard Methods of Test for Specific 
Gravity of Pigments (D 153 — 27)? 

Section 14.—Delete the illustration identified as Fig. 4, and substitute 
the drawing shown in the accompanying Fig. 1. This change is presented 
in order to correct the illustration of this apparatus and does not affect 
the accuracy of the method. 

The present procedure for determining cuprous oxide in the Standard 
Method of Routine Analysis of Dry Cuprous Oxide (D 283 — 36)* includes 
any metallic copper present and although attention is called to this in the 
method, it is now considered important to correct the determination for the 
metallic copper present since cuprous oxide is the important ingredient for 
toxicity in antifouling paints. A study was accordingly undertaken of the 
method proposed by Hurd and Clark.‘ The results of these tests are quite 

A.S.T.M. Standards, Part II, p. 633. 


‘L. C. Hurd and A. R. Clark, “Determination of Metallic Copper in Cuprous Oxide - Cupric Oxide Mix 
tures,” Industrial and Engineering Chemistry Analytical Edition, Vol. 8, No. 5, p. 380 (1936). 
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satisfactory and the subcommittee is accordingly recommending that the 
completely revised method appended hereto! be published as a tentative 
revision of the existing Standard D 283 — 36. 


Tests for Relative Dry Hiding Power of Paints and Pigments: 


The subcommittee is also recommending extensive revisions of the 
Tentative Methods of Test for Comparative Hiding Power of Paints 


| 
| 
| 


to 60cm. 


Fic. 1.—Glass Burette. 


Burette: Geissler, straight; glass stopcock, ground accurately. 
100 ml. Tolerances: _ 
Total capacity. 
Graduated portion 


D 344 — 32 T) and Test for Comparative Hiding Power of White Pigments 
'D 406-35 T), as appended hereto,? entitled, Tentative Methods of Test 
‘or Relative Dry Hiding Power of Paints, and Test for Relative Dry Hiding 


p. 855. 


1 See 
*See pp. 866 and 844. 
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Power of White Pigments. There is given below a detailed report of the pain 
studies carried out by the work committees responsible for the development com! 
of these revised hiding power methods: ; test 


Hiding Power of Paints: 


In May, 1935, G. F. A. Stutz, who was then chairman of Subcom- dian 
mittee VIII, appointed a Hiding Power Work Committee consisting of 
D. L. Gamble, chairman, R. H. Sawyer, and A. E. Jacobsen. The purpose 
of this committee was to consider various proposed methods of making resul 
brushout hiding power determinations on paints, to recommend to the 
subcommittee the method considered most feasible, and to work out the ‘tl 
details of the method. 

At the meeting of the subcommittee held on June 24, 1935, the work 
committee submitted a report dealing with the various methods for brushout 
hiding power and recommending the adoption of a dry film, incomplete 
hiding test. As a result, the subcommittee instructed the work committee 
to proceed with the development of a specific detailed method for determin- 
ing hiding power which would include the use of a standard paint and 
both white and black and white and gray backgrounds, the measurements 
to be made on dry films at incomplete hiding. 

Design of Brushout Board, Contrast.—At the Detroit meeting the 
subcommittee expressed a preference for an initial white and gray (40 per — 
cent brightness) contrast but suggested also the use of the black and white mn 2G 
as an additional brushout board which would permit the method to be NaF 
used on the highest hiding white paints as well as tinted and colored paints. — 
In the experience of the members of the work committee, the relative defin 
hiding power ratings of paints, as determined by incomplete hiding tests Spec 
with a board having initial black and white contrast as compared with paint 
ratings obtained with a board having an initial contrast consisting of white the 
and gray of 40 per cent brightness, differ so little as to fall within the 
reproducibility of the test method. This fact, in addition to the necessity proce 
of controlling the brightness of the gray portion of the board within afer} 
relatively narrow limits, led the work committee to recommend dropping amp 
the gray and white board and to standardize on the black and white board. differ 

Brightness Tolerances.—Work was carried out by the committee to proce 
determine the permissible brightness tolerances in the contrasting areas of deter 
the board. The established tolerances are stated in Section 3 (e) of the stand 
proposed revised method appended hereto.! of ec 

Geometrical Design—As a result of work with various geometrical EF 
designs, the members of the work committee indicated a preference for a proce 
design consisting of alternate diagonal }-in. black-and-white stripes. It 1s two 
felt that this design aids somewhat in obtaining uniform application of the 


1 See p. 866. 
perm 


| 
a 
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paint and ‘tends to make grading of the brushouts easier. However, the 
committee does not feel that the results to be obtained with the proposed 
test method are sufficiently critical in respect to the geometrical design of 
the board to necessitate specifying an exact design. 7 
In this connection, work was carried out with a board consisting of a _ 
diamond design and having located in juxtaposition at the center a black 
and a white square, each about 3-in. on a side. The purpose of this design - 
was to permit photometric measurements if desired. As will be seen from 
results of a cooperative test to be given later in this report, the results _ 
obtained with this design were as satisfactory as those obtained in the case 
of the usual diamond pattern. However, two of the four operators | 
cooperating in the tests reported that the central squares made grading — 
more difficult. 
Definition of Hiding Power.—Since the hiding power as measured by an 
inomplete hiding test, such as is being proposed, does not fit the present 7 


Relative Dry Hiding Power of Paint Determined by Proposed Method 


Paint Brushout Board No. 1 Brushout Board No. 2 
Operator Operator 


1 | 2 3 4 1 | 2 3 4 


100 100 100 100 100 100 100 100 
2 Gloss. . . 139 139.9 138 132 141.2 137 136 
(Standard). 100 100 100 100 100 100 100 100 


121 122.3 125 


definition as given in the Standard Definitions of Terms Relating to Paint 
specifications (D 16 — 24), a new definition for relative dry hiding power of a 
paint has been drawn up by the committee and is included in Section 2 of 
the proposed method. 
Cooperative Tests~—In the test method being proposed, a general 
procedure is given in which a paint can be rated as equal to, better than, or — 
inferior to a standard paint. In many cases it is not sufficient to say the 
sample paint is better or poorer than the standard and the amount of 
fifference must be determined quantitatively. For this reason, an optional 
procedure has been included in the test method which permits quantitative 
ittermination of the relative dry hiding power of a paint in terms of a 
standard paint as defined above. Given in the tabulation above are results 
a cooperative tests carried out by the three committee members and 
“. F. Hickson of the Bureau of Standards using the proposed optional . 
Mocedure. These were carried out on two gloss and two flat paints using 
‘Wo different brushout boards. Brushout Board No. 1 consisted of a — 
‘iamond with 3-in. black- and- white stripes while board No. 2 was 
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In the case of gloss paint No. 2 with seven determinations obtained by 
four operators using two brushout boards of different design, the maximum 
deviation from the average is 4 per cent while in the case of flat paint No. 2 
the maximum deviation from the average is less than 2 per cent. 


= 


Hiding Power of Pigments: 


The work committee in reporting the new method of test for the hiding 
power of paints, appended hereto,' also recommended that the Tentative 
Method for Hiding Power of White Pigments (D 406-35 T) should be 
revised to conform with the new method of test for paints. 

A second work committee, consisting of D. L. Gamble, chairman, A. E. 
Jacobsen, R. H. Sawyer, and G. G. Sward, was instructed by Subcommittee 
VIII to proceed with this revision. 

Method of Hiding Power Measurement.—The dry film hiding power test 
method proposed in the new methods of test for paint has been carried over 
essentially without modification into the proposed new method of test for 
relative dry hiding power of white pigments appended hereto.? 

Method of Preparing a Paint of the Pigment to be Used.—The method of 
preparing paints from the pigments to be tested has been modified only 
slightly from that specified in the present Tentative Method D 406-35 T 
with the exception that the refined linseed oil used in the present method 
has been replaced by a vehicle consisting of a mixture of heat-bodied alkaline 
refined linseed oil and light boiled linseed oil to which is added cobalt 
naphthenate drier in order to obtain a simple paint without thinner, but 
possessing drying properties which will permit hiding power measurements 
on a basis of a dry hiding power test. The table which appears in Section 

5 (a) of the present tentative method has been revised and is included in 

.* proposed revised method to serve as a guide in using the test method. 
Definition of Hiding Power of White Pigment.—Since hiding power as 
measured by an incomplete hiding test, such as is being proposed, does not 
fit the present definition as given in the Standard Definitions of Terms 
Relating to Paint Specifications (D 16 — 24), a definition of the relative dry 
hiding power of a white pigment has been drawn up by the committee and 

_ is included in Section 2 of the proposed method. 

. Cooperative Tests——In order to test the over-all reproducibility of the 
method of test being proposed, cooperative tests were carried out by 
members of the work committee, including E. F. Hickson. Samples 0! 
titanium dioxide and zinc sulfide — barium pigment were submitted to the 
_ members and each was tested by the proposed method against itself. In 
addition, samples of high-tinting-strength white lead and ordinary Carter 
process white lead were submitted to each member and the hiding power of 


1 See p. 866. 
2 See p. 844. 
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the Carter process white lead was determined by the new proposed method 
using the high-tinting-strength material as a standard pigment. The two 
white-lead pigments were selected for this purpose because they represent 
two slightly different pigments of the same general type. It was felt that 
this latter test would yield information indicative of the uniformity of 
gind obtainable by the proposed mulling procedure from laboratory to 
laboratory. In carrying out these tests the optional procedure included in 
the proposed test method was used. This was done in order that these 
cooperative tests would yield quantitative data. 
The following tabulation gives the results of the cooperative tests: — 
RetativE Dry Hipinc Power of WHITE PIGMENTS 
OPERATOR 
PIGMENT STANDARD 3 
99.4 97.2 
100.7. 97 
80.2 80.8 83.4 


The over-all reproducibility of the test method is indicated to be of the 
order of magnitude of 5 per cent. Although this degree of reproducibility 
may not be all that is desired, it is definitely better than that obtained in 
cooperative tinting strength tests based on the present Standard Method 


for the Tinting Strength of White Pigments or White Pigment Pastes 
(D 332 - 


Respectfully submitted on behalf of the subcommittee, 


F.. Hickson, 
Chairman. 


11936 Book of A.S.T.M. Standards, Part II, p. 647. 
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REPORT OF COMMITTEE D-2 
ON 


PETROLEUM PRODUCTS AND LUBRICANTS 


Committee D-2 on Petroleum Products and Lubricants held three 
~ regular meetings during the past year (in June at Atlantic City, N. J., in 
January at New York, N. Y., and in March at Chicago, Ill.). 
During the year the appointment of a new Subcommittee XVIII on 
Aniline Point was authorized and this subcommittee is now being organized. 
The following revisions of American standards and American tentative 
standards have been approved by the American Standards Association, on 
the recommendation of Sectional Committee Z11 on Petroleum Products 
and Lubricants, to bring these standards into conformity with the revisions 
in the A.S.T.M. standards approved during the past year: 


AMERICAN TENTATIVE STANDARDS 


A.S.T.M. A.S.A. 
DESIGNATION NUMBER 


Method of Test for Knock Characteristics of Motor Fuels D 357-36 T Z11.37-1936 
Definitions of Terms Relating to Petroleum D 288 - 36 T Z11. 28-1936 


AMERICAN STANDARDS 
Abridged Volume Correction Table for Petroleum Oils... D 206-36 Z11.1 -1936 
Methods of Test for: 
Burning Quality of Kerosine Oils D 187 - 36 Z11. 17-1936 
Burning Quality of Long-Time Burning Oil for Rail- 
way Use D 219 — 36 Z11. 19-1936 
Carbon Residue of Petroleum Products (Conradson 
Carbon Residue) D 189 — 36 Z11. 25-1936 
Distillation of Crude Petroleum D 285 — 36 Z11.32-1936 
Steam Emulsion of Lubricating Oils D 157 — 36 ZA11. 15-1936 
Flash Point by Means of the Pensky-Martens Closed 
Tester D 93-36 Z11.7 -1936 
Flash Point by Means of the Tag Closed Tester D 56-36 Z11. 24-1936 
Gravity of Petroleum and Petroleum Products by Means 
of the Hydrometer D 287 — 36 Z11. 31-1936 
Saponification Number Z11. 20-1936 
Viscosity by Means of the Saybolt Viscosimeter Z11.2 1936 


Also the American Tentative Standard Method of Test for Gum Content of Gasoline 

(A,S.T.M. Designation: D 381-36) (A.S.A. No. Z11. 36-1936) was revised and approved as 
American standard. 

Acting on the recommendation of Committee D-2, Committee E-10 on 

Standards! on August 26, 1936, accepted a revision of the Tentative Defint- 

tions of Terms Relating to Petroleum (D 288-35 T), and on March 30, 


1In gibaitting these recommendations to Committee E-10 on Standards, Committee D-2 reported fe 
sults of the letter ballot vote as follows: On Definitions D 288, of a total membership of 87, 62 membert 
returned their ballots, of whom 60 voted affirmatively, 0 negatively, and 2 marked their ballots “not voting; 
on Specifications D 439, of a total membership of 84, 67 members returned their ballots, of whom 56 voted 
affirmatively, 5 negatively, and 6 marked their ballots ‘“‘not voting.” 
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1937, accepted for publication the Tentative Specifications for Gasoline 


D 439-37 T).! The definitions in their revised form appear in the 1936 
Proceedings.” 


The voting membership of Committee D-2 now consists of 39 producer, 
31 consumer, and 14 general interest members. 


ACTIVITIES OF SUBCOMMITTEES AND TECHNICAL COMMITTEES 


The reports of the following subcommittees are appended hereto: 
Subcommittee XI on Turbine Oils and Subcommittee XXII on Natural 
Gasoline. 


Subcommittee IV on Grease (Ralph R. Matthews, chairman) has pre- 
pared a description of a Proposed Method of Test for Dropping Point of 
Lubricating Greases which is published as information in Appendix I; 
also a minor revision of the Standard Methods of Analysis of Grease (D 128 - 
27) given in detail later in this report. 


Subcommittee V on Viscosity (J. C. Geniesse, chairman) has developed 
new proposed ‘Tentative Methods of Test for Kinematic Viscosity and a 
Method for Conversion of Kinematic Viscosity to Saybolt Universal Vis- 
wsity, as appended hereto; also a revision of the Tentative Standard 
Viscosity ‘Temperature Chart for Liquid Petroleum Products (D 341 — 32 T). 
The methods of test for kinematic viscosity represent a consolidation and 
revision of the methods published as information in the 1936 report of 
Committee D-2.4 In connection with the new method for viscosity con- 
version, C. E. Headington and J. C. Geniesse have prepared a brief paper 
on “Method for Converting Kinematic Viscosity to Saybolt Universal 
Viscosity” which appears in Appendix III. The revised viscosity-tempera- 
ture chart covers a viscosity range of from 33 to 100,000,000 Saybolt 
Universal seconds and a temperature range of —30 to +450 F. The spaces 
between the lines at low viscosities have been slightly altered in order to 
liminate the slight curvature frequently obtained with the present chart. 
The lines are also set at a small angle from the horizontal in order to take 
into account the fact that the Saybolt efflux time, for a given kinematic 
viscosity, varies with temperature. Also three other charts are to be 
included, an abridged Saybolt Universal chart covering a viscosity range of 
33 to 100,000 seconds and a temperature range of —10 to 300 F., and two 
kinematic charts, both of the same temperature range as the larger Saybolt 
chart and with viscosity ranges of 2 to 20,000,000 and 0.4 to 100 centi- 
stokes, respectively. 

pa Am. Soc. Testi ; 
in estente’ sn ate esting Mats., Vol. 36, Part I, p. 857 (1936); also 1936 Book of A.S.T.M. Ten- 


See De 
Dp. 900 and 911. 
‘oceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 394, 399 (1936). 
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Subcommittee XVII on Plant Spray Oils (J. B. Terry, chairman) js 
recommending a new proposed Tentative Method of Test for Distillation 
of Plant Spray Oils, appended hereto,! based upon the gas oil distillation 
method, and also has recommended that a Proposed Method of Test for 
Unsulfonated Residue of Plant Spray Oils, in Appendix II, be published 
as information. 

Technical Committee A on Gasoline (C. B. Veal, chairman) has prepared 
Tentative Specifications for Gasoline (D 439-37 T)? for use in contract 
purchases. Sections of this technical committee are actively engaged in 
the development of methods of test for acid heat, gum stability, and 
tetraethyl lead in gasoline. 

Technical Committee B on Motor Oils (H. C. Mougey, chairman) 
arranged a Symposium on Lubricants* which was held at the regional 
meeting of the Society in Chicago on March 3, 1937. 

Technical Committee C on Fuel Oils (Including Diesel Fuel) (M. J. 
Reed, chairman) has under consideration a revision of the Tentative 
Specifications for Fuel Oils (D 396-34 T). The committee has also 
revised the Diesel-Fuel-Oil Classification to include a provision that oils 
Nos. 1D, 3D, 4D and 5D shall be free from alkali and mineral acid. The 
revised classification is published as information in Appendix IV. 


RECOMMENDATIONS AFFECTING STANDARDS © 


I. Proposed Tentative Standards: 
The committee recommends that the following four methods of test be 
accepted for publication as tentative, as appended hereto:* = 
Tentative Methods of: 
Test for Kinematic Viscosity, as proposed by Subcommittee V; 
Test for Conversion of Kinematic Viscosity to Saybolt Universal Viscosity, as 
proposed by Subcommittee V; 
Test for Distillation of Plant Spray Oils, as proposed by Subcommittee XVII; 
Test for Vapor Pressure of Petroleum Products (Reid Method), proposed by 
Subcommittee XXII as a consolidation and revision of the present Ten- 
tative Methods of Test for Vapor Pressure of Natural Gasoline (Reid Method) 
(D 323 - 32 T) and of Motor and Aviation Gasoline (Reid Method) (D 417 - 
35 T), which are accordingly recommended to be withdrawn. 


II. Proposed Revisions of Tentative Standards: 


The committee recommends revisions of two tentative standards, as 
follows: 


Tentative Method of Test for Knock Characteristics of Motor Fuels 
(D 357-36 T).5—The following revision is recommended by Technical 
1 See p. 875. 
2 See p. 872. 


* Symposium on Lubricants, Chicago Regional Meeting, Am. Soc. Testing Mats. (1937). (Available as 
separate publication.) 


4See pp. 900, 911, 875 and 888. 


* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 848 (1936); also 1936 Book of A.S.T.M. Ten 
tative Standards, p. 620. 
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Committee A on Gasoline (C. B. Veal, chairman) to bring the test in in line 
with present practice regarding the use of secondary reference fuels: 

Section 5.—Letter the present paragraph as Paragraph (a) and add as 
Paragraph (b) the present Note 1, modified to read as follows: 


(b) Secondary Reference Fuels.—To insure a greater degree of reproducibility in 
testing, it is preferable to use secondary® reference fuels which have been properly 
calibrated against the primary reference fuels on a large number of engines. Such 
soondary reference fuels may be straight-run or other stable gasolines suitable for — 
the purpose. One of the reference fuels should be of low knock rating and the other 4 
of high knock rating. These secondary reference fuels shall be calibrated against 
normal heptane and isooctane. ‘The calibration shall be expressed in terms of the 
octane-number scale, shall be based on results by this method from at least ten labo- _ 
ratories, and shall be certified by the National Bureau of Standards (Note 2). 


*Such secondary reference fuels are commercially available through the Standard Oil Company of New = 
Jesey with calibration curves as determined in accordance with this method, giving octane numbers for these — 
fuels blended with each other. They may be ordered from the Standard Oil Development Co., Elizabeth, N. J. 


Add a new note as Note 2 to read as follows, renumbering the present — 
Note 2 as Note 1: 


Note 2.—For the present this certification is based on tests made by members o 
the C.F.R. Motor Fuels Committee on samples from each batch of secondary ref- 
erence fuels, and on blends of the high and low secondary fuels against blends of 
isooctane and normal heptane. A certificate is then issued to the producers author- 
izing them to guarantee to the purchasers that the material shipped is a part of a 
batch so tested, and to quote the results of the tests. 

Tentative Standard Viscosity-Temperature Chart for Liquid Petroleum 
Products (D 341 — 82 T).\—Four viscosity-temperature charts? prepared by 
Subcommittee V on Viscosity (J. C. Geniesse, chairman) are recommended 
to replace the existing Tentative Standard D 341 - 32 T. 


III. Proposed Revision of Standards: 

The committee recommends the revision of three standard methods as 
indicated below, to become effective immediately. Accordingly, the 
necessary nine-tenths vote at the annual meeting is requested in order that 
these revisions may be referred to letter ballot of the Society. 

Standard Methods of Analysis of Grease (D 128 — 27).*—The following 
revision is recommended by Subcommittee IV on Grease (Ralph R. 
Matthews, chairman) to improve the method for determination of free 
alkali or free acid: 


' Section 5.—Change to read as follows by the omission of the words in 
rackets: 


5. The alcohol shall be prepared from commercial 95 per cent grain or denatured 
gain alcohol by distilling from sodium hydroxide, [diluting to 50 per cent (or 70 
pt cent) by volume with distilled water] and neutralizing exactly with sodium or 
potassium hydroxide and phenolphthalein. 


Proceedi 
ive Stand ings, » Ae Soc. Testing Mats., Vol. 32, Part I, p. 772 (1932); also 1936 Book of A.S.T.M. Ten- 


or Standards, Part II, p. 926. 
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Section 23.—Change the first sentence to read as follows by the addition 
of the italicized words and figure and the omission of the figure in brackets: 


REPORT OF COMMITTEE D-2 


From 10 to 30 g. of grease shall be weighed in a small beaker, dissolved as com. 
pletely as possible in 75 ml. of petroleum ether by stirring with a spatula, the mixture 
washed into a 250-ml. Erlenmeyer flask with a small amount of petroleum ether, and 
the beaker rinsed with 50 ml. of [50] 95 per cent alcohol (See Section 5), the alcohol 
being poured into the flask, after which a few drops of phenolphthalein solution shal] 
be added and the [whole] contents shaken vigorously. 


Standard Method of Test for Melting Point of Paraffin Wax (D 87- 
22).'—The following revision is recommended by Subcommittee III on 
Paraffin Wax (J. B. Rather, chairman) to change the range of the ther- 
mometer, which is specified in the Standard Method of Test for Melting 
Point of Petrolatum (D 127), and thus provide for the testing of petrola- 
tums of melting points higher than 160 F.: 

Section 6.—Change the requirements for the ranges of the A.S.T.M. 
paraffin wax melting point thermometers to read as follows by the addition 
of the italicized figures and the omission of those in brackets: 


Range and Subdivision: [27] 38 to [71] 82 C. in 0.1 C. or [80] 100 to [160] 180 F. 
in 0.2 F. 


Standard Method of Test for Gravity of Petroleum and Petroleum Prod- 
ucts by Means of the Hydrometer (D 287 — 36).2—The following revision is 
recommended by Subcommittee II on Specific Gravity (H. T. Bennett, 
chairman) in order to improve the description of the hydrometer to permit 
the use of other than paper scales: 

Section 3.—Change the second sentence to read as follows by the addi- 

_ tion of the italicized words and the omission of those in brackets: 


It shall be of glass of the conventional constant-mass and variable-displacement 
type, with a [paper hand-written] scale of suitable material [printed in] clearly marked 
with black ink. 


In the eighth and ninth sentences omit the word “paper” in the 
_ description of the hydrometer scale; also in the eighth sentence, substitute 
the word “marked”’ for “printed.” 

Section 4 (b).—Change this section to read as follows by the addition 
_ of the italicized words and figures and the omission of those in brackets: 


(b) Thermometer for Thermo-hydrometer.—The thermometer incorporated in 
the thermo-hydrometer type of instrument shall [be of the paper scale type (scale 
to be placed in either the bulb or stem of the hydrometer) having] have a range of 
from 20 to 130 F. or 60 to 220 F. depending upon the range of the hydrometer. The 
[paper] temperature scale shall be graduated in 2 F. divisions accurate to +1 F. 
(Note) and, when located in the stem of the hydrometer, shall be [printed] marked 
in red ink to avoid any possibility of its being confused with the black gravity scale. 


1 1936 Book of A.S.T.M. Standards, Part II, p. 938. 
2 Ibid., p. 918. 
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ON AND LUBRICANTS 


IV. Tentative Revision of Standard: 

Standard Method of Test for Viscosity by Means of the Saybolt Viscosi- 
meer (D 88 — 36).\—-The following revision of this method proposed by 
Subcommittee V on Viscosity (J. C. Geniesse, chairman) in order to take 
care of certain difficulties encountered with cut-back asphalts is recom- 
mended for publication as tentative: 


Section 4 (c).—Change the note following this section to read as 
follows by the addition of the italicized sentence: 

NotE.—The plunger commonly supplied with the viscosimeter shall never be 
used on instruments maintained as standards. In case the flash point is less than 


50 F. above the temperature of test, the wetting operation should be omitted in order to 
anid an increase in viscosity due to evaporation of a portion of the light fraction. 


Section 4 (d).—After the first sentence add a new sentence to read as 
follows: 

In case the flash point is less than 50 F. (10 C.) above the temperature of test, 
the oil shall be heated to room temperature only. 
V. Tentative Standards Continued as Tentative: ee 

Seven methods of test have been tentative for a period of three years 
or longer without revision, as follows: 


Tentative Methods of: 


Test for Color of Lubricating Oils by Means of A.S.T.M. Union Colorimeter 
(D 155 - 34 T), 


Test for Color of Petrolatum by Means of A.S.T.M. Union Colorimeter (D 218 - 
34 T), 

Test for Color of Refined Petroleum Oil by Means of Saybolt Chromometer 
(D 156 - 34 T), 


Test for Neutralization Number of Petroleum Products and Lubricants (D 188 - 
27 T), 


Test for Expressible Oil and Moisture in Paraffin Waxes (D 308-29 T), _ 
Test for Penetration of Greases and Petrolatum (D 217 - 33 T), and _ 
Test for Sulfur in Petroleum Oils by Lamp Method (D 90 - 34 T). 


The fifth of these methods is a highly empirical one and is used only 
infrequently. The other methods may be revised before being advanced to 
standard as a result of work now under way. It is accordingly recommended 
that these methods be continued as tentative. 

The recommendations appearing in this report have been submitted to 

letter ballot of the committee which consists of 84 members; with the 
results shown in Table I. 


‘1936 Book of A.S.T.M. Standards, Part II, p. 982. 
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TABLE I.—ANALYsIS OF LETTER BALLOT VOTE. 


REPORT OF COMMITTEE D-2 


Items 


I, Prorossp SranpaRps 
Test for Kinematic Viscosi 
Method for Conversion of 
Test for Distillation of Plant Spray Oils 
bed Ayo ae aoe of Petroleum Products (Reid Method) to replace Methods D 323 - 32 T’ 


II. Proposzp Revision or Tentative 
Test for Knock Characteristics of Motor Fuels (D 357 - 36 T) 
Viscosity-Temperature Chart for Liquid Petroleum Products (D 341 - 32 T) 
Ill, Proposzp Revision or StanpaRps 
Analysis of Grease (D 128 - 27), immediate adoption 
Test for Melting Point of Paraffin Wax (D 87 ~ 22), immediate adoption. . 


Test for Gravity of Petroleum and Petroleum Products by Means of the Hydrometer G)) 287 ~ 36), 
immediate adoption 


IV. Tentative Revision or StanDARD 
Test for Viscosity by Means of the Saybolt Viscosimeter (D 88 - 36) 


This report has been submitted to letter ballot of the committee which 
consists of 84 members; 68 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, _ : 


Chairman. 
~ 


R. Pz ANDERSON, 
Secretary. 
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REPORT OF SUBCOMMITTEE XI ON TURBINE OILS 


Subcommittee XI on Turbine Oils has attempted to ascertain what 
AS.T.M. standard methods of test are applied by turbine operators to new 
oils and what other methods, not standard, are in such general use as to 
warrant collection of details and of results to be expected for the benefit 
of others. 

To obtain the information needed, the cooperative assistance of the 
Chemist’s Subcommittee of the Edison Electric Institute was enlisted. This 
committee sent to a representative list of 34 operators a questionnaire 
indicating the four chief objectives of the cooperative investigation as 
follows: 


1. To ascertain what A.S.T.M. methods of test under the jurisdiction 
of Committee D-2 are used by turbine operators in testing and 
evaluating their steam-turbine lubricants. 

2. To ascertain what other methods are used by operators to evaluate 
their lubricants for steam turbines. 

3. To obtain full details of methods not standardized by the A.S.T.M. 
in order that others may apply them. 

4. To obtain statements of the reasons why other than A.S.T.M. 

= standard methods are preferred, the results yielded by such 
methods, and statements of their value and their bearing on 
the usefulness of the lubricant. a“ 


The responses to question 1 were not always specific and definite, but 
may be summarized as follows: Out of 34 companies contacted 25 replies 
were received. The A.S.T.M. methods used and the number of operators 


using them are as follows: 


NUMBER OF OPERATORS 
UsinG TEST FOR 
TURBINE LYBRICANTS 


S 
Vise 


The answers to question 2 showed that there were no other methods in 
such general use as to warrant consideration by the committee at present, 
though there are other methods used which may in the future develop to 
the point of requiring such consideration. 
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In view of the answers to question 2, no data on questions 3 and 4 are 
available until methods used by individuals have developed to the point 
where they warrant consideration. 

The replies to the questionnaire show a general use of AS.T.M. 
methods. ‘They also indicate an interest in the development of a type of 
test which would permit selection of a turbine lubricant with reasonable 


assurance of satisfactory performance. ‘The development of such a test 
would be a matter of research. 
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Respectfully submitted on behalf of the subcommittee, _ 4 
J. A. Capp, 


Chairman. 
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REPORT OF SUBCOMMITTEE XXII ON NATURAL GASOLINE 


When the Tentative Method of Test for Vapor Pressure of Motor and 
Aviation Gasoline (Reid Method) (D 417-35 T),! was issued by the 


Society in 1935, a note was included in Section 1 on Scope reading _ 
follows: 

Nore.—Present indications are that reliable results can be obtained by a : 
method on gasolines of 28-lb. vapor pressure, or less. Probable exceptions are gas- 
dines of somewhat lower vapor pressure containing appreciable quantities of 
lissolved gases. 

This note raises three questions: (1) Is 28 lb. the proper upper limit 
of application of Method D 417; (2) is Method D 417 practical for use in 
natural-gasoline plant laboratories; and (3) what vapor-pressure method 
should be prescribed for natural gasolines above the upper limit of appli- 
cation of Method D 417? 

It was evident that the Tentative Method of Test for Vapor Pressure 
of Natural Gasoline (Reid Method) (D 323 — 32 T),? revised to include the 
refinements incorporated in Method D 417, but omitting the air-saturation 
step, would be the answer to the third question. . 

To determine the answer to question 1, two series of experiments have 
been conducted. ‘The first of these was conducted by the Technical Com- 
mittee of the California Natural Gasoline Association in the spring of 
1935. In these tests, vapor-pressure determinations by Methods D 417 | 
and D 323, essentially as described in the revised methods appended hereto,’ 
were compared. Motor fuels and rectified and unrectified natural gasolines 
were studied. One hundred vapor-pressure determinations were made on | 
ifteen stocks ranging in nominal vapor pressure from 6 to 50 Ib. The 
tesults of these tests are summarized graphically in Fig. 1. As a result of 
these experiments, the committee recommended the application of the air- 
saturation method (Method D 417 as revised) to all natural gasolines having 
Reid values below 28 Ib. and the use of the air-free method (Method D 323 
a tevised) to all natural gasolines having Reid values above 26 lb. 

_ The second series of tests was conducted by the Technical —— 
ithe Natural Gasoline Association of America in the fall of 1935. In these 
“periments all the samples were initially air-saturated, the object being 
' emphasize the effect of evaporation in Method D 417. Both well- 


1 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 903 (1935); also 1936 Book of A.S.T.M. 
‘tative Standards, p. 648 


», ‘Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 765 (1932); also 1936 Book of A.S.T.M. 


“ttative Standards, p. 659. 
‘See p. 888. 
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rectified and poorly rectified gasolines were studied. The results of these testix 
tests are summarized graphically in Fig. 2. 

Comparing these two sets of carefully conducted experiments, one 
minor and one major point should be mentioned. The minor point is that 
Method D 417 gave higher results relative to Method D 323 in the C.N.G.A. 
experiments (first series) than in the N.G.A.A. experiments (second series), 
This is to be accounted for by the fact that in the N.G.A.A. experiments 
the materials tested were deliberately saturated with air prior to sampling 
whereas this was not the procedure with the C.N.G.A. experiments. 
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Reid Vapor Pressure,|b.- Method D 417 


z 
a 
a 
= 
2 
2 
2 
a 
o 
> 
« 


yer 
0 

0 10 20 30 40 10 20 «3830 40 50 @ 

Reid Vapor Pressure, !b.-Method D 323 (Revised) Reid Vapor Pressure, |b.-Method D 525 (Rensed) 

| “Ase. 1.—Comparative Reid Vapor Pressure Tests: FG. 2.—Comparative Reid Vapor 


Method D 417 hod D 323 (Revised). Pressure Tests: Method D 417 versus 
Method D 323 (Revised). 


The major point is that there is substantial agreement in regard to 
the upper limit of applicability of Method D 417. With well-rectified 
materials this upper limit could be considerably more than 26 Ib. With 
poorly fractionated material the limit could not safely be extended above 
26 lb. These experiments therefore constitute the basis for the recom- 
mendation incorporated in the revised methods appended hereto.’ 

The second question created by the adoption of Method D 417 (prac 
ticability of its use in natural-gasoline operations) has two phases: (a) con 
venience and cost merely as a testing method; and (b) economic effects. 
In regard to the former, it was realized that the air-saturation requirement 
of Method D 417 introduces a considerable item of added expense in plant 
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On Naturat GASOLINE _ 371 
testing not heretofore considered necessary. The extra steps of intermediate 
sampling and air-saturation would require many natural-gasoline plant — 
laboratories to invest in new testing equipment and to increase testing 
personnel to some extent. However, it was further realized that these 
factors were not of themselves sufficient justification for two A.S.T.M. 


methods in the same field of testing. Consequently, it was deeided by the ae 


Metuop (D 417 - 35 T AND METHOD D 323 (REVISED)) ON TANK-CAR SHIPMENTS OF 
NaTURAL GASOLINE (POINT OF ORIGIN ONLY). 


Nominal Reid Vapor Pressure, lb. 


2 ber of samples tested 


rage Reid vapor pressure, Ib. { 
rage difference in vapor pressure, Ib : 


mber of Samples of Which Result by Method D 417 were: 
1.0 to 2.0 lb. lower 
Percentage of total 
0.5 to 0.9 Ib. lower 
Percentage of total 
0.1 to 0.41b. lower 
Percentage of total 
equal to those of Method D 323 
Percentage of total 
0.1 t0 0.5 lb. higher 
Percentage of total 
0.6 to 1.0 lb. higher 
Percentage of total 
1.0 to 2.0 lb. higher 
Percentage of total 


RS 


om 
on 


Le II.—Comparisons OF REmp PRESSURE DETERMINATIONS (RESULTS BY 
letaop D 417-35 T Minus D 323 (REvISED)) AT ORIGIN AND DESTINATION. 


Average Reid Vapor Pressure, lb. 
_ Number of 
Tank Cars Tested 


Tested at Place of Origin Tested at Place of Destination 


Method D 417 | Method D 323 | Difference | Method D 417 | Method D 323 | Difference ‘f 


17.53 


+0 .33 17.62 
21.35 


21.72 +0.37 21.01 


13.94 13.76 +0.18 13.43 13.19 
17.85 17.51 
20.83 


\.G.A.A. to submit the two testing methods to the acid test of commercial 
plication to determine what the economic effect would be. 
During the six months, March to August, 1936, N.G.A.A. member 
‘ompanies ran tests on a total of 814 tank-car shipments of natural gasoline. 
ése tests involved a comparison of vapor-pressure determinations 
tbtained by Methods D 417 and D 323, essentially as revised herewith.! 
Of the 814 car loads of gasoline so tested, 93 were tested at both point of 
gin and at destination. The data so accumulated were summarized by 
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the N.G.A.A. Technical Committee and are presented in abbreviated form 
in Tables I and IT. 

These tests demonstrate that in actual application the substitution 
of Method D 417 for Method D 323 for natural gasolines up to and including 
26-lb. vapor pressure, will impose a slight economic hardship on the natural- 
gasoline manufacturer. ‘The summer season for running these tests was 
deliberately chosen because on theoretical grounds the adverse difference 
between the two methods should be greater in warm weather. In view 
of the fact that Method D 417 provides the refiner with a more accurate 
and convenient method in his normal operations than does Method D 323, 
the N.G.A.A. here again decided that the economic handicap thus demon- 
strated does not justify two A.S.T.M. methods of test covering the same 
field of testing. 

: While the experimental data herewith reported have the most critical 
_and significant bearing on the subject, a vast amount of additional experi- 
mental work concerned with these testing methods has been done and the 
conclusions derived from it are in excellent agreement with the data 
submitted. 
Subcommittee XXII therefore recommends the consolidation of the 
_ two vapor-pressure methods into a single method as appended hereto.’ 


Respectfully submitted on behalf of the subcommittee, _ 


G. G. OBERFELL, 
Chairman. 
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APPENDIX I 


PROPOSED METHOD OF TEST 
FOR 


DROPPING POINT OF LUBRICATING GREASES! 


This isa proposed method and is published as information only. Comments are solic- ) 


Philadelphia, Pa. 


1. Scope—This method is intended for use in determining the dropping point | 


” 
Support Unit 
Ribbed-*f 
perinch 
[ 
Body- Ribbed 
| 
“Approx. 16 Threads 
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Apparatus 
Assembled Details of Grease- Cup 
for Test Assembly 
Fic. 1.—Apparatus for Testing Dropping Point of Greases. 
When assembled for test, the lower end of the bulb shall be placed 7 


exactly} in. above the bottom of the grease cup. 


" Note.—The dropping point as determined by this method gives information as to 
"a softening begins under the conditions of the test, but should not be considered as 


470g any bearing upon performance in service. 


Under the standardization ure of the Societ i x i jurisdicti 
1 y, this proposed; method is under the jurisdiction of 
&AST.M, Committee D-2 on Petroleum Products and Lubricants. 
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Report or Committee D-2 (AppEeNnprx I) 


2. Apparatus —(a) Thermometer—The thermometer shall be graduated in 
Fahrenheit degrees, the range being 20 to 580 F., and shall conform to the Standar’ 
Specifications for A.S.T.M. Partial-Immersion Thermometer for General Use(A.S.T.\. | 
Designation: D 183) of the American Society for Testing Materials.' 

(b) Grease-Cup Assembly.—The grease-cup assembly shall conform to the 
requirements shown in Fig. 1. 

(c) Accessories.—Accessories required consist of a test tube approximately 4 cm. 
in diameter by 18 cm. in height, a 600-ml. beaker, ring stand, clamp for test tube, 
support for beaker, gas burner, suitable oil? for oil bath, etc. 

3. Procedure-—(a) The grease-cup assembly shall be placed in position on the 
thermometer at a height so that the tip of the thermometer bulb will be } in. above 
the bottom of the grease cup, A. The set screw, B, shall then be tightened to hold 
the assembly in position on the thermometer. 

(b) The grease cup shall then be removed and filled with grease by pressing the 
larger end into the grease to be tested until the cup is filled, taking care to avoid 
inclusion of air. Working the grease shall be avoided as far as possible. Excess 
grease shall be removed with a spatula or knife. 

(c) The full grease cup shall then be placed on the retaining ring, C, and the 
ring screwed in position to bring the thermometer bulb to the original position with 
respect to the cup outlet. Grease forced out in this operation shall be carefully 
removed. 

(d) The thermometer and assembly shall then be placed in the test tube with 
the bottom of the cup 1 in. from the bottom of the test tube and the test tube 
suspended in the oil bath submerged to one-half its height. 

(e) The oil bath shall be heated so as to cause the temperature indicated by the 
thermometer to rise at a rate of 8 to 10 F. per min. until a temperature approximately 
30 I. below the expected dropping point of the grease is reached. At this point, the 
rate of heating shall be changed to 2 to 3 F. per min. As the temperature increases, 
grease will gradually protrude through the orifice of the grease cup. When a drop 
of grease falls the temperature shall be noted and recorded as the dropping point. 


11936 Book of A.S.T.M. Standards, Part II, p. 1405. - 
2A suitable oil is one that does not vaporize appreciably at the temperature of the test and does not 
darken rapidly with repeated heating. Castor oil is satisfactory. 
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APPENDIX II 


PROPOSED METHOD OF TEST 
FOR 
UNSULFONATED RESIDUE OF PLANT SPRAY OILS! 


| 


1. This method is intended for use in determining the amount of _ 
nsulfonated residue of plant spray oils. 


Special Solutions Required 


2. (a) Sulfuric Acid (37 N).—Prepare a 37 N sulfuric acid solution by 
nding reagent-grade fuming and concentrated sulfuric acids to 98.61 
per cent + 0.2 per cent H,SO, at a temperature of 59 F. (15 C.) to be z 
etermined by accurate titration. 
(b) Sulfuric Acid (sp. gr. 1.84).—Concentrated H.SO,, approximately — 
1.84 sp. gr. 
Apparatus 
3. The apparatus shall consist of the following: 
(a) Sample Bottles.Ordinary 4-0z. glass bottles for oil samples. 
(b) Pipette~-One 5-ml. pipette, precision grade, calibrated in the — 
iboratory to deliver 5 ml. + 0.005 ml. of oil at 77 F. | oe 
(c) Burette-—One 50-ml. burette, graduated in 0.1-ml. divisions. 
(d) Test Bottles.—The test bottles shall be made of good quality glass 
ind the preferred form shall conform to the dime \sions given in Fig. 1.? - 
the capacity to base of neck shall be 45 ml. + 1.0 ml. As an oe. 
ihe standard 6.5-in., 50 per cent cream bottle may be used provided the | 
me accuracy is maintained. ‘The graduated portion of the bottle shall 
ntain 5 ml. + 0.02 ml. at a temperature of 77 F. (25 C.) and shall be 
graduated from 0 to 50 per cent in 0.5 per cent divisions, the first and each 
ceeding 5 per cent line to extend at least three-fourths of the distance 
round the neck and to be numbered from the bottom. Within the range 
fom 0 to 50 per cent, the maximum error in volume shall not be greater 
U an 0.02 ml. ‘The graduation marks shall be clear and fine, not more than 
} mm. in width. The bottom of the bottles shall have a ground area of 
‘least 2 sq. cm. for numbering. 


te A Soe the Standardization procedure of the Society, this proposed method is under the jurisdiction of 
“2.4.M. Committee D-2 on Petroleum Products and Lubricants. 


*Commonly known as “‘9-in., 9-g., 50 per cent x $ cream bottles.” 
(375) 
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(e) Water Baths.—Two water baths will be required, as follows: 

(1) A water bath maintained at 77 F. + 0.5 F. (25 C. + 03 C.) and 
of such depth that regular 4-oz. bottles containing samples for 
test may be immersed, the oil level being well below the surface 
of the water. 


16 J 

13 cm. + 1.0 cm. 

not less than 0.5 cm. 

0.70 cm. + 0.05 cm., inside diameter. 
not more than 3.75 cm. 
approximately 4 cm. 

not more than 3.75 cm. 
approximately 6.5 cm. 

H = 22.5cm. + 0.5 cm. 


| 
| 
| 
| 


ail 


<-—-G--— 


Fic. 1.—Test Bottle. 


(2) A water bath maintained at 211 to 212 F_ (99 to 100 C.), of sufficient 
depth to permit complete immersion of the body of the test 
bottle and equipped with clamps to hold the bottle rigidly in 
a vertical position. 


(f) Centrifuge. -A cent rifuge, capable of whirling at the required speed 

_ two test bottles filled with acid. The preferred form of centrifuge shall 
have a diameter of swing (at the base of whirling bottles) sufficient to 
accommodate the test bottles without danger of interference when placed 
in opposite carriers and a speed of 1000 r.p.m. The centrifuge shall be of 
good design and rugged construction, so that it may be operated without 
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PROPOSED TEST FOR UNSULFONATED RESIDUE 


nger. ‘Che bottle carrier shall be so designed that the test bottles may 
cushioned with rubber or other suitable material. A strong metal shield, 
proximately 2 ft. in diameter, shall be placed around the centrifuge to 
jiminate danger if breakage occurs. 
(g) Mechanical Shaker.—A preferred form of mechanical shaker con-— 
ted in accordance with the requirements shown in Fig. 2. This 
chine shall shake the test bottles at a rate of 200 to 220 complete shakes 
rminute, this rate being determined by attaching a counter to engage on 
the moving platform and maintained by installing a suitable rheostat to 


ntrol fluctuations in line voltage. 
Procedure 


4. (a) A small portion (15 or 20 ml. ) of the _— under test shall te 
placed in a clean, dry, 4-oz. bottle, which shall then be immersed in the 
water bath at 77 F. (25 C.) until the sample has attained bath temperature 
Exactly 5 ml. of the sample shall then be drawn into the clean, dried, 
specially calibrated pipette and delivered into the clean, dried test bottle. 
Note.—As an alternative procedure, the 5-ml. sample may be obtained by weighing. | 


weight of the sample shall agree within +0.005 g. of the weight of 5 ml. of the oil at 
7 P. (25 C.), as calculated from its specific gravity. 


(b) Five milliliters of the 37 N sulfuric acid shall then be slowly added 
to the test bottle from the burette in such a way that the acid washes down 
ny oil remaining in the neck of the bottle. The test bottle shall then be 
shaken for 2 or 3 sec., grasping the neck between the thumb and index 

ger and swinging the bottle through an arc of approximately 20 deg. a 

ich that the bottom of the bottle passes through a distance of 2} to 34 in. 
the speed of shaking shall be maintained at from 240 to 300 complete 

ings per minute. ‘The temperature of this acid-oil mixture shall not be 
lowed to exceed 212 F. (100 C.), as indicated by the bottle becoming 
incomfortable to the touch, or the contents foaming excessively. The 
‘ttle may be cooled in ice water if necessary. 

(c) The procedure outlined in Paragraph (6) shall be repeated immedi- | 
tely until a total of 20.0 ml. of 37 N sulfuric acid has been added, the test 

ttle being placed finally in the water bath at 212 F. (100 C.). These 
veral additions of acid should be made without delay. 

(d) After the test bottle has been in the bath for 10 min., it shall be 
— placed immediately on the mechanical shaker and agitated at a 

ite of 200 to 220 shakes per minute for 10 sec. The bottle shall then 
replaced immediately in the water bath at 212 F. (100 C.). If a sample 
ls or foams over at this stage, it must be discarded and the test repeated. 

(e) The procedure outlined in Paragraph (d) shall be repeated for a 
period of 1 hr. from the time the test bottle was first immersed in the water 
tath at 212 F. (100 C.). 
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_ PROPOSED TEST FOR UNSULFONATED RESIDUE 


(f) The test bottle shall then be removed from the water bath, and 
sificient sulfuric acid (sp. gr. 1.84) added to raise the liquid level in the 
neck of the bottle to the 50 per cent mark, that is, the top graduation. 
The bottle and contents shall then be placed in the centrifuge and whirled 
is prescribed in Section 3 (f) at a speed of approximately 1000 r.p.m. 
jor 10 min. ‘The bottle shall then be removed from the centrifuge and 
placed in the water bath at 77 F. (25 C.) so that the entire contents of 
the bottle are immersed below the surface of the water. After 10 min., 
| the bottle shall be removed from the bath and the volume of oil read with 
the aid of a reading glass, the reading being estimated to within 0.01 ml. 
The centrifuging process shall be repeated until the volume of oil is constant. 

(g) After a constant oil volume has been obtained by centrifuging 
Paragraph (f)), the reading of the bottom of the oil level shall be sub- 
tracted from the reading of the top and the difference multiplied by two. 
This value shall be reported to the nearest 0.1 ml. and is the percentage of 
usulfonated residue. Due attention shall be paid to calibration corrections. 


Precautions 
5. (a) It is extremely important that all glassware used in the test | 
tall have been previously thoroughly cleaned and dried. Acetone has - 
proved satisfactory for this purpose. 
(b) If at any time during the test even the smallest quantity of oil or — 
acid-oil mixture is lost, the sample shall be discarded and the test repeated. 
(c) The rate of whirling may be decreased to avoid breakage of the 
st bottles. In all cases, however, the centrifuging shall be continued until 
' @ cconstant reading of the volume of oil is obtained. Ordinarily, centrifuging 
2 @ *1000r.p.m. for 10 min. is sufficient, but occasionally oils are encountered 
hich do not separate readily and completely from the acid sludge. 


lechanical Shaker. 


N 


Reproducibility of Results 
6. For the most satisfactory results, determinations should be made in 
luplicate, and should agree within 0.5 per cent unsulfonated residue based 
pon the original sample. ‘This accuracy should be expected only when 
per care and strict attention to details are observed. Determinations 
different operators should agree within 1.0 per cent. 
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METHOD FOR CONVERTING KINEMATIC VISCOSITY TO SAYBOL 
UNIVERSAL VISCOSITY 
By C. E. Heapinctron! J. C. GENIEsSE! 


In 1936 Committee D-2 published, as information, two methods for measur 
kinematic viscosity.2. These were submitted to the industry for trial in response t 
demand for a more accurate method of measuring viscosity than the Saybolt instrumer 
provides. This year the Society is publishing these kinematic methods as a tenta 
standard. 

This trend in the petroleum industry toward the measurement of viscosity 
b kinematic units is developing a real need for a reliable method for converting th 
continue to specify Saybolt seconds for some time to come. 

The problem was referred to Subcommittee V on Viscosity. A sub-subcommittee 
consisting of members who had had considerable experience with various methods of 
measuring viscosity was appointed to undertake the experimental work. Four 
these members,‘ whose kinematic equipment was among the best available in the 
industry, were selected for kinematic viscosity measurements. Four other members; 
whose Saybolt tubes were practically zero-correction instruments and_ therefore 
represented as closely as possible the proposed A.P.I. Saybolt Master Tube, were 
selected for Saybolt viscosity measurements. 


Percentage Deviation of Saybolt Viscosities | 


ric, 


Previous Conversions: 


At the time the work was started, five different conversions had been developed ‘ 
from experimental results, no two of which were entirely in agreement. An examina- ‘S 
tion of these five independently developed conversions,’ however, disclosed the fact 6+ 
that there was excellent agreement between four of them from 150 to 1000 Saybolt ¥ 
Universal sec. (32 to 216 centistokes). At no point between 36 and 4000 Saybolt sec. 3 
(3 to 864 centistokes) did they deviate by more than 2 per cent from the average of all &t 
five. ‘This is shown in Fig. 1 where for given kinematic viscosities the deviation of the ; 
Saybolt equivalents from the average for each of the five conversions is plotted. <4 

V- 


In view of this agreement it seemed advisable to use the average of these five 
conversions as the basis for a new one. With this procedure a table of average Saybolt 
equivalents for given kinematic viscosities was available at the outset; consequently 
relatively few experimental samples were required to reveal the deviation of these 
average Saybolt equivalents, or basic averages, from the actual experimental results 
over the whole Saybolt range. 


1 Research Chemist, The Atlantic Refining Co., Philadelphia, Pa. 
2  Negeag~ Am. Soc. Testing Mats., Vol. 36, Part I, pp. 394 and 399 (1936). 
3 See p. 900. 

4 _ laboratories for kinematic viscosity measurements were Union oil ¢ temp 
California; Standard Oi! Company of New Jersey; Petroleum Refining Laboratory, Pennsylvania the tem 
College; and Tidewater Associated Oil Co. All kinematic viscosimeters were calibrated using water as to 
ultimate reference liquid. The viscosity of water was assumed to be 1.005 centipoises at 20 C. f New 

& The cooperating laboratories for Saybolt viscosity measurements were Standard Oil Company 0 - devi; 


Jersey, The Texas Company, Socony-Vacuum Co., and The Atlantic Refining Co. Re 5 ; 4 

6 These conversions were developed by Petroleum Refining Laboratory, Pennsylvania State Colleges Path Value 
ard Oil Company of New Jersey; Union Oil Company of California; Anglo-American Oil Co.; an ede table 
(D 341 - 32 T). 
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Cooperative Results: 

In accordance with this plan petroleum fractions with viscosities varying from 
32 to 6000 Saybolt sec. (2 to 1300 centistokes) for the temperature range from 70 F. to 
30 F. were submitted to the designated laboratories for viscosity determination. 
Both the Saybolt and kinematic viscosities of each sample were measured at the same 


2 | 
| 
ae = Tle 
| 7 eT 9 aaa ° 
2 ° | re | | 
| | | de. 5 | 
No.1 Penn State College Experimental samples at JOF. | 
No.2 Anglo-American @ = Experimental samples at /OOF. 44444 
No.3 Union Oi! Co. o =f xperimental samples at 130 F. 
No.4 Standard @= Experimental samples at 2/0 F. 
30 No.5 AS.T.M.(0ld Method) o = Experimental samples at 300 F. 
of 10 - 100 1000 2000 


Kinematic Viscosity, centistokes, log scale 


- Fic. 1.—Deviation of Individual Conversions and Cooperative Experimental Results 
ri from the Average of Five Independently Derived Conversions. 
ore 
were *3.0 
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Kinematic Viscosity, centistokes, log scale 
Fic. 2.—Deviation of Saybolt Viscosities Obtained by Means of New Conversion from 
Saybolt Viscosities Obtained Experimentally. 

ny é ‘emperatures by four laboratories, and the results obtained on each sample at each | 
as the ‘amperature were averaged for use in plotting. The average experimental kinematic 
New Value was converted to Saybolt viscosity by means of the basic averages and the 
“—" : tion, in per cent, of the experimentally determined Saybolt values from these 
TM. a was plotted in Fig. 1. All experimental results are given in Table I. This 

‘able also includes the data shown graphically in Figs. 1 and 2. Figure 1 illustrates 
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the progressive deviation of the experimental results, in the low viscosity range, from — 
the values given by the basic averages and the agreement, in the intermediate and 
high viscosity range, between the experimental values at 100 I’. and the basic averages 
which were also based largely on determinations at 100 F. In order to detect any 
temperature effects, most of the viscosity measurements were made at 100 and 210 F, 
with a few at 70, 130 and 300 F. 
Smooth curves were drawn through the experimental points in Fig. 1 for both the 
100 and 210 F. samples. These curves then gave the percentage correction which 
must be applied to the basic averages at any kinematic viscosity in order to make them) 
conform to experimental results. Using the results at 100 F. in this fashion a new 
table of Saybolt equivalents for 100 F. was prepared and is given in Table II. This 
constitutes the basis for the new conversion. 
It will be observed in Fig. 1 that for a given kinematic viscosity the Saybolt 
wivalent varies appreciably with temperature. ‘This variation is approximately 
nstant at 0.7 per cent between 100 and 210 F. and on the basis of results at those 


aBLE IL.—NeEWwW CONVERSION OF KINEMATIC TO SAYBOLT UNIVERSAL VISCOSITY. 


inematic Saybolt Kinematic Saybolt Kinematic Saybolt Kinematic Saybolt 
iscosity Universal || Viscosity Universal Viscosity Universal Viscosity Universal 
Viscosity | at 100F., Viscosity at 100 F., Viscosity at 100 F., Viscosity 
ntistokes fat 100 F., sec. at 100 sec.|| centistokes [at 100 see.) centistokes 100 I’., sec. 
32.6 136.5 203.8 
34.4 140.9 208 .4 
36.0 145.3 213.0 
37.6 149.7 217.6 
39.1 154.2 222.2 
40 7 158.7 226.8 
42.3 163 .2 231.4 
45.5 167.7 254.4 
48.7 172.2 277.4 
52.0 176.7 300.4 
55.4 181.2 323.4 
58.8 185.7 
iy 90.2 
eae: 69.6 199 2 Saybolt seconds = centistokes 
4.620. 


btain the Saybolt equivalent of a kinematic viscosity determined at ¢ F. multiply the corresponding Saybolt value at 
Bd 1+ (t — 100) 0.000064; thus, 10 centistokes at 210 F. are equivalent to 58.4 X 1.0070 or 59.2 Saybolt sec. 


) temperatures the following equation was obtained for calculating the Saybolt 
: livalent at any temperature from the corresponding value at 100 F. given in 
ble II: 
Saybolt seconds at ¢ deg. Fahr. = 1 + (¢ — 100) 0.000064 x (Saybolt seconds 
at 100 F.), 

Thus if the Saybolt viscosity is desired for a kinematic viscosity of 10 centistokes 

t 210 F. the Saybolt equivalent for 10 centistokes at 100 F., given in Table II, or 

8.8 sec., is multiplied by 1 + (210-100) 0.000064, or 1.0070, to give a Saybolt viscosity 

(39.2sec. at 210 F. Table II includes this equation as well as the Saybolt equivalents 
' 100 F., both of which comprise the new conversion method. 


curacy: 


The 32 average experimental kinematic viscosities were converted to Saybolt by 
eans of this new conversion and the deviations of these values from the average 
*perimental Saybolt values are shown in Fig. 2. The average deviation is 0.17 
pet cent while the maximum deviation is 0.5 per cent. Deviations of the individual 
saybolt determinations, given in Table II, from the conversion are not shown, but in 
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all cases they are less than 1 per cent, only a few samples showing more than 0,5 
per cent deviation from the converted value. 

It is quite probable that Saybolt viscosities determined on instruments having 
appreciable corrections will deviate more from the values obtained by conversion thay, 
is indicated above, particularly in the low viscosity range. It was for this reason that, 
as pointed out in the fore part of this paper, the Saybolt instruments selected for the 
development of this conversion were practically zero-correction instruments. 


Acknowledgment: 


The authors wish to thank the cooperating laboratories previously designated 
for om assistance in this work and to ag the fact that only tae the 


— | 
finer: 
differ 
ficati 
. of this conversion been made possible. 
= 
a 
2. & 
> >= 


APPENDIX IV | 


DIESEL-FUEL-OIL CLASSIFICATION 
Manufacturers and users of Diesel engines, as well as petroleum re- 
fners and distributors, have long felt the need for some classification 
differentiating types of fuel oils suitable for Diesel engines. The classi- 
fication shown in Table I, covering five grades of oil, was developed by 


TABLE CLASSIFICATION. 


Water and Viscosity, seconds Carbon 
Sediment, Residue,} Ash, Pour 
per cent per cent |per cent | Point, , 
y Saybolt Saybolt by deg. Ignition 
Volume Universal Furol (at]} weight | weight | Fabhr. e Quality 
(at 100 F.) 122 F.) 


Min.® | Max. | Max. 7 . | Max.¢ 


35 70 35 none e 
ee 250 35 none 


Limits for No. 6-D fuel are the same as for No. 6 oil in the Tentative Specifications for Fuel Oils (A.S.T.M. 
Designation: D 396-34 T) of the American Society for Testing Materials,' unless modified by special 
negotiations between buyer and seller. 


‘Minimum flash point, as stated or as required by local fire regulations, Fire Underwriters or state laws. . 
For viscosities below 35 sec. at 100 F. Saybolt Universal, other methods than that by the Saybolt Universal viscosimeter 


at 100 F. may be used and the resulta converted. 
fied whenever required by local temperature conditions to facilitate storage and use, 


‘Lower pour points may be 
ulthough the minimum tee A specified for Oils Nos. 1-D and 3-D must be walved whenever it is necessary to require a pour 


point of less than 10 
430 far as known, sulfur content need not be considered as regards combustion characteristics. However, when sulfur 
at is of consequence—as, for instance, in fuel for engines in intermittent service—the following limits are suggested: 


Fuel No. 1-D 1.5 per cent max. Fuel No. 4-D........ 2.0 per cent max. 
Fuel No. 3-D 1.5 per cent max. Fuel No. 5-D........ 2.0 per cent max. 


*See Table II and discussion in Paragraph (h) of the text. 


TABLE II.—IGNITION QuUALITY.* 
Oi GRADES 
No. 1-D 


Cetane number by the delay method, min. 
Diesel index number, min 
Viscosity-gravity number, max 
Boiling-point - gravity number, max 

* The values in Table II are equivalent within the limits of error of the test methods used. As the cor- 


telations between indexes and between any index and engine operation in the field are not completely estab- 
4 as yet, these values should be used in an approximate way only. 


Technical Committee C on Fuel Oils (Including Diesel Fuel) of Com- 
mittee D-2 on Petroleum Products and Lubricants in an attempt to supply 
this need. This classification was first presented in June, 1934, and has 
been revised as a result of suggestions since received. 


ee: /foceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 882 (1934); also 1937 Book of A.S.T.M. Ten- 
ative Standards, p. 704. 
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It is not the intention of the committee that this classification should 
be used as purchase specifications; but rather that fuels purchased be 
correlated according to the proposed classification in order to determine its 
usefulness. A series of Diesel-fuel-oil specifications should evolve as a 
result of this program. Criticism and comment should be forwarded to 
Mr. R. P. Anderson, Secretary of Committee D-2 on Petroleum Products 
and Lubricants, 50 West 50th Street, New York, N. Y. — 


METHODS OF TESTING 


The properties listed in this classification are determined in accordance 
with the following methods of testing: 


(a) Flash Point.—In absence of legal or local requirements, the minimum flash 
point shall be determined in accordance with the Standard Method of Test for Flash 
Point by Means of the Pensky-Martens Closed Tester (A.S.T.M. Designation: D 93) 
of the American Society for Testing Materials." 

(b) Water and Sediment.—Standard Method of Test for Water and Sediment in 
Petroleum Products, by Means of Centrifuge (A.S.T.M. Designation: D 96) of the 
American Society for Testing Materials. 

(c) Viscosity—Standard Method of Test for Viscosity by Means of the Saybolt 
Viscosimeter (A.S.T.M. Designation: D 88) of the American Society for Testing 
Materials.* 

(d) Carbon Residue.—Standard Method of Test for Carbon Residue of Petroleum 
Products (Conradson Carbon Residue) (A.S.T.M. Designation: D 189) of the Ameri- 
can Society for Testing Materials.‘ 

(e) Ash.—Place 10 g. of the fuel oil in a weighed uncovered platinum crucible 
of a capacity not greater than 100 mi. and heat gently with a Bunsen burner until 
the oil fires and continues to burn when the flame of the burner is applied to the 
surface of the oil. Allow the oil to burn without further application of heat. The 
oil will continue to burn until practically all of it has disappeared. The time required 
will be about 50 min. Then place the platinum crucible in a gas or electric furnace 
and heat to a bright red heat until all carbon is consumed. Cool, weigh and report 
the residue as ash expressed as a percentage of the original 10-g. sample. 

(f) Pour Point.—Standard Method of Test for Cloud and Pour Points (A.S.T.M. 
Designation: D 97) of the American Society for Testing Materials.* 

(g) Sulfur.—Standard Method of Test for Sulfur in Petroleum Oils by Bomb 
Method (A.S.T.M. Designation: D 129) of the American Society for Testing 
Materials.° 

(hk) Alkali and Mineral Acid.—Yentative Method of Test for Neutralization 
Number of Petroleum Products and Lubricants (A.S.T.M. Designation: D 188 - 
27 T) of the American Society for Testing Materials.’ 

(i) Ignition Quality—According to present opinion, combustion knock in 4 
fuel-oil-injection engine is caused by the accumulation of fuel in its cylinders prior 
to ignition. Even under conditions that insure ignition, the fuel may not ignite 
instantaneously but only after a definite delay. T he The longer this delay, the more 


11936 S.T.M. Standards, Part II, p. 897. 

2 Jbid., p. [bid., p. 853. 

3 Jbid., p. 582." Ibid. p. 974. 

Jbid., p. 849. ‘Tenta- 

7 Proceedings, Am. Soc. Testing Mats., Vol. 27, Part I, p. 927 (1927); also 1937 Book of A.S.T.M. te 
tive Standards, p. 737. 
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fyel accumulates in the cylinders, which then burns unevenly, finally causing audible 
knock. If the delay is extreme, the engine will fail to operate with the fuel. It is 
significant that every factor which tends to aggravate knocking in a spark-ignition 
gasoline engine tends to suppress it in Diesel engines. Fuels of paraffin base con- 
sisting chiefly of saturated straight-chain hydrocarbons give the smoothest com- 
bustion in general, while naphthenes and aromatics burn roughly at low compression 
ratios. It is known that highly cracked products give trouble and also that the 
amount of trouble is increased as the speed of the engine is increased. Turbulence 
in the charge mixture reduces the delay period and turbulence is a controlling factor 
in engine speed. It is now generally agreed that ignition quality is one of the most 
important characteristics of Diesel fuels. 

The committee realizes the impossibility of reducing all types and designs of 
engines to a common rating for fuel-burning characteristics. Engine factors, such as 
combustion-chamber design, turbulence, spray characteristics, compression ratio, 
injection timing, and engine speed, vary greatly in different engine makes. ‘Tests of 
ignitibility on various types of engines have no theoretical significance but have 
provided practical data for the types and sizes of engines on which the tests were 
performed. Fuel characteristics are based on a study of field-engine performance 
correlated with laboratory ratings of various test fuels. Ignitibility, one of the most 
important characteristics from the standpoint of satisfactory engine operation, has 
been expressed by such indices of performance as cetane number, Diesel index number, 
viscosity-gravity number, and boiling-point-gravity number. 

CetaNE NuMBER.—Cetene number was first proposed by Boerlage and Broeze 
of the Bataafsche Petroleum Maatschappij! and is the percentage of cetene in a blend 
of cetene and alphamethylnaphthalene which has the same ignition quality (measured 
in a specified engine under a definite set of engine conditions) as the fuel under test. 
It has been found that more reliable results may be possible when using cetane rather 
than cetene. For this reason, this classification substitutes the cetane number, 
which is determined and expressed in the same manner as the cetene number, namely, 
as the percentage of cetane in a blend of cetane and alphamethylnaphthalene. 


Dieset INpEx NumMBeR.—Diesel Index number is calculated from aniline point 
and A.P.I. gravity by the following formula: 


7 A.P.I. i OF. ili int i 3 2 
a ( gravity at 60 F.) X (aniline point in deg. Fahr.) _ 


100 


Aniline Point is the lowest temperature at which equal parts by volume of freshly 
tilled aniline and the test sample of oil are completely miscible. It is determined 
by heating such a mixture in a jacketed test tube to a clear solution and noting the 
‘emperature at which turbidity appears as the mixture is cooled. 
For A.P.I. Gravity see the Standard Method of Test for Gravity of Petroleum 
nd Petroleum Products by Means of the Hydrometer (A.S.T.M. Designation: 
87) of the American Society for Testing Materials. 


; Viscosity - Graviry NuMBER.—Viscosity - Gravity Number was first proposed by 
Hill and Coats in 1928 and a modification was later advanced by Moore and Kaye 
in 19342 The number is determined by the following equation: 


G = 1.082 A — 0.0887 + (0.776 — 0.72A) X log log (KV — 4) 


:  Boerlage and Broeze, “Ignition Quality of Diesel Fuels as Expressed in Cetene Numbers,"’ Journal, 
YK. Automotive Engrs., July, 1932. 
: 1937 Supplement to Book of A.S.T.M. Standards, p. 121. 
fr, ,oore and Kaye, “Practical Evaluation of the Ignition Characteristics of Diesel Fuel Oils," Oil and 
“4t Journal, p. 108, November 15, 1934. 
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where G = specific gravity at 60 F. 
A = viscosity - gravity constant 
KV = kinematic viscosity in millistokes at 100 F. 


Borttnc-Pornt - Gravity NuMBER.—Boiling-Point - Gravity Number was first 
proposed by E. A. Jackson! in 1935. Generally speaking, the larger the number, the 
more naphthenic the oil, and the lower the number, the more paraffinic the oil. The 
number is determined by the following equation: 


G = A + (68 — 0.703A) log B.P. 


where G = A.P.I. gravity in degrees 
A = Boiling-point - gravity constant 
B.P. = 50 per cent boiling point on A.S.T.M. distillation curve in degrees Cent. 


1E. A. Jackson, “ BoilingePoint- Gravity Constant is Index of Lubricating Oil Characteristics,” Oil and 
Gas Journal, March 21, 1935. 
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REPORT OF SECTIONAL COMMITTEE - 


ON 
PETROLEUM PRODUCTS AND LUBRICANTS 
A.S.A. PRojEcT: Z11 


The organization of this new Sectional Committee on Petroleum 
Products and Lubricants was effected at a meeting held on January 24, 
1936, in New York City. A further meeting was held on July 1, 1936, 
during the annual meeting of the A.S.T.M., at which the permanent officers 
were elected and other details of organization completed. Two meetings 
have been held subsequently. The sectional committee functions under 
the procedure of the American Standards Association with the A.S.T.M. 
as sponsor, the approved scope of the sectional committee being as follows: 


Scope.—Specifications, methods of test and nomenclature relating to crude 
roleum and petroleum products (products derived in whole or in large part from 
troleum) other than organic chemicals, products used medicinally, and road, paving, 
terproofing, and electrical insulating materials. 


For a number of years A.S.T.M. Committee D-2 on Petroleum Products 
ind Lubricants has been developing standard methods of test for petroleum 
products and lubricants and has published critical studies of the significance 
of these tests in relation to service performance of the products. All of 
this work is fundamental and essential in paving the way for the develop- 
ment of specification requirements for petroleum products. Many agencies, 
trade associations and industrial companies have indicated an increasing 
interest in specification work and in order to plan and coordinate standard- 
ization work in this field, steps were taken to organize the sectional com- 
mittee. Under A.S.A. procedure, two sectional committees were function- 
ing in this field, dealing respectively, with nomenclature and methods of 
testing, and with specifications for fuel oils. The work of these two former 
committees is now covered by the new sectional committee which is known 
as AS.A. Project Z11. This is the same designation applying to the 
former sectional committee dealing with test methods. 

The personnel of the committee is made up of representatives of 32 
national technical organizations interested in petroleum products and 
lubrication, the classification of the personnel being as follows: producers 
12, consumers 22, general interest members 7, making a total of 41 members. 

In order that complete information might be available to members of 
the sectional committee with respect to work in progress, both of a standard- 
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ization and research nature in the field of the sectional committee, syn 
maries of work under way in the field of petroleum products are in cour: 
of preparation. ‘These relate to lubricating oils, to greases, to gasolin 
both motor and aviation, and to fuel oils for furnaces and for Diesel engines, 
It is hoped later to make these compilations available through publication 

A Special Committee was appointed to prepare a general discussior 
with respect to the physical properties of lubricants under conditions of 
boundary lubrication, such as, oiliness, film strength, etc. The chairman 
of the Special Committee is J. C. Geniesse. 

Another Special Committee under the chairmanship of L. C. Beard 
Jr., has investigated the possibility of setting up a general viscosity classi 
fication of lubricating oils. After much study, this group has just 
rendered the following report to the sectional committee, which it has 
approved: 


“It is the opinion of the committee that at present there appears to be no marked 
need for a viscosity classification of industrial lubricants and, under the circumstances, 
it appears reasonable to postpone any action on such a classification until such time 
as requests from the users of oil are more emphatic. It would be extremely difficult 
to make an industrial lubricating oil classification which would be satisfactory to 
both consumers and producers. Such a classification, if written so as to reduce the 
number of grades required and to simplify specification writing, would undoubtedly 
in most instances be too broad to serve any useful purpose.” 


The matter of specifications for motor gasolines was delegated to 
A.S.T.M. Committee D-2 on Petroleum Products and Lubricants. Through 
its Technical Committee A on Gasoline, this committee has given consider- 
able study to the formulation of such specifications and has submitted to 
the A.S.T.M. during the year Tentative Specifications for Gasoline (D 439 - 
37 T) which were subsequently approved and published by the Society.’ 
These specilications are now before the sectional committee. 

In line with its function as a reviewing body, the sectional committee 
has taken action on 19 A.S.T.M. methods for reference to the American 
Standards Association for approval either as American standard or American 
tentative standard. 


Respectfully submitted on behalf of the sectional committee, 


. A. Boyp, 


= T 
Chairman. 


Secretary. 


1 See p. 872. 
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REPORT OF COMMITTEE D-3 


GASEOUS FUELS 


In the first annual report! of this committee presented last year a 
history of the formation of the committee, its objectives and scope were 
given. Formation of subcommittees was completed last year and their 
york inaugurated. This second annual report is confined, therefore, to a 
record of activities during the past year. Committee work has been 
eressively pushed and many preliminary considerations disposed of. ‘The 
membership of the committee now comprises a total personnel of 30 mem- 
bers, consisting of 11 producers, 10 consumers, and 9 representing general 
ind scientific interests. 

Two meetings of Committee D-3 and its seven subcommittees have 
been held since June of last year. At the first meeting in Atlantic City, 
N. J., on October 27, 1936, the former officers of the main committee were 
unanimously re-elected. 

A second meeting of Committee D-3 wes held in Chicago, IIl., on 
March 2, 1937. Each subcommittee chairman presented a brief review 
of the progress of his group on the subjects assigned. Consideration was 
given to the need of conducting research work to standardize various test 
methods and ways and means of securing cooperation from interested 
organizations. Studies and discussions have further emphasized the need 
for and value of standardized procedures and test methods for gascous 
fuels. When carried to completion along the lines now planned, the results 
should be of lasting benefit to the gas industry, to scientific institutions 
and to the users of gaseous fuels in general. 

All detailed work has been assigned to the seven interested subcom- 
mittees and brief reports on their activities follow. 

Subcommittee I on Collection of Gaseous Samples (S. S. Tomkins, chair- 
man; F. E. Vandaveer, secretary).—The plan of procedure decided upon 
for the work of this subcommittee consists of a study of three separate 
items: (1) definitions, (2) fundamental details, and (3) existing methods in 
practice. A section has been formed to prepare standard definitions relating 
to sampling. A questionnaire on this subject is now being answered by 
the section members. On the subject of fundamental details, the chairman 


* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 422 (1936). : 
(391) 
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is preparing material for committee consideration covering the following 


items: 
1. Importance of sampling procedure, 
2. Classification of samples, oe 
3. Sampling apparatus, 
4. Locations for securing samples, 
5. Physical arrangement of sampling apparatus, and 


6. Containers for sample storage. 


A questionnaire on methods now in common use in industry has deen 
submitted to all members of the subcommittee. Replies to this question- 
naire will be studied and reviewed at the next meeting of the subcommittee. 

Subcommittee II on Measurement of Gaseous Samples (H. S. Bean, 
chairman).—This subcommittee has approved by letter ballot and referred 


to the main committee for consideration as tentative standards, the 
following: 


1. A statement of the units in which gaseous samples are to be 
measured, 
2. A statement of standard conditions for the measurement of gaseous 
samples, and 
. A definition of a unit of volume. 


sus that have been made in connection with the work of this sub- 
committee have shown that the use of a fractional revolution of a laboratory 
wet-gas meter may introduce errors as high as 10 to 12 per cent. 

This group is sponsoring tests to determine the effects upon the accuracy 
of gas measurements brought about by changes in its relative humidity. 

Subcommittee III on Determination of Calorific Value of Gaseous Fuels 
(R. B. Harper, chairman; K. R. Knapp, secretary).— Work of this sub- 
committee has been sectionalized under three leaders, to cover (1) prepara- 
tion of standard definitions, (2) study of fundamentals covering standard 
equipment, with the thought of establishing both referee and routine 
methods of heating value determinations, and (3) investigation of existing 
practices now followed throughout the industry for the determination of 
calorific values. 

Progress is reported in all of these sections. Authorities and references 
have been consulted and proposed definitions have been prepared, discussed, 
and criticisms thereon referred to the appropriate section for review. 
Studies are being made of fundamentals concerning referee and routine 
methods of calorific value determinations. Many industrial, Governmental, 
and educational organizations have been and are being requested by letter 
and questionnaire to furnish detailed information on existing practices. 

Consideration is also being given to the design and construction of a 
special calorimeter capable of giving highly accurate heating value data 
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under controlled conditions, and to research work on existing equipment 
with various gases in comparison with the special calorimeter. 

Subcommittee IV on Determination of Specific Gravity and Density of 
Gaseous 'uels (C. D. Ulmer, chairman; F. O. Suffron, secretary).— Division 
of work of this subcommittee has been assigned to four sections: Section A 
on Survey of Methods and Bibliography; Section B on Definitions; Section 
Con Fundamental Ideas Relating to the Subject; and Section D on Precise 
Laboratory Methods. Proposed definitions have been prepared and are 
to be given further study before being submitted to letter ballot of the com- 
mittee. Many factors affecting precise laboratory methods have been dis- 

ssed in the two meetings held this year and various factors clarified. 

Subcommittee V on Determination of Impurities of Gaseous Fuels 
(E. F. Pohlmann, chairman; S. J. Modzikowski, secretary)._-_Impurities 
have been tentatively defined by this subcommittee, as follows: 

Impurities in gaseous fuels are substances which under certain specific conditions 
ay be deemed undesirable from the standpoint of transmission, distribution, and 
tilization of the gas in question. Substances often treated as normal constituents 
gaseous fuels may under specific conditions and at specific times be considered 
impurities. In general, there are two classes of constituents in fuel gases, namely, 
1) those about which there is no question as to their desirability, and (2) those which 

under specific conditions are not desirable. Specific conditions are functions of 
pecific cases and therefore cannot be defined. Consequently, it is possible for a con- 
tituent of a fuel gas to be desirable at one time and undesirable at another time. 

It was decided to formulate methods for the determination of the fol- 
lowing impurities in the order named: (1) hydrogen sulfide and other sulfur 
compounds, (2) tar fog and condensible oils and vapors, (3) naphthalene, 
(4) gums, (5) ammonia, (6) oxides of nitrogen, (7) dust, (8) cyanogen, 
(9) oxygen, and (10) iron carbonyl. Other constituents may be considered 
later. 

A canvass of the committee membership and others interested in this 
work as to the methods in common use for the determination of the above 
named impurities is now being conducted. 

Subcommittee VI on Determination of Water Vapor Content of Gaseous 
Fuels (A. W. Gauger, chairman; F. O. Suffron, secretary).—This subcom- 
mittee’s section on definitions has completed a tentative draft which is 
teady for final action by the entire subcommittee. A complete résumé of 
methods for determining water-vapor content of gases was presented to the 
subcommittee by the chairman at the last meeting. Full discussion of 
the various items relatin g to this subject has taken place at the two meetings 
held this year. Preliminary work has therefore practically been completed 


and future activity will be directed toward a research study on methods 
and apparatus. 


This subcommittee is also sponsoring some experimental work on one 


of its problems which is being carried out under the chairman’s direction 
at Pennsylvania State College. 
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Subcommittee VII on Complete Analysis or Chemical Composition of 
Gaseous I’uels (Martin Shepherd, chairman; F. E. Vandaveer, secretary).— 
The program of work adopted by this subcommittee is as follows: 
1. Preparation of a list of gaseous fuels for which standard apparatus 
and methods are to be prescribed, 
2. Selection of analytical tolerances (reproducibility, and accuracy 
for the determination of the constituents of each type of gaseous 
a fuel, which will satisfactorily meet the requirements prescribed 
by the uses of the analytical data, durit 

3. A study of the suitability of apparatus and methods by means of Ill, 

analyses of samples of known composition, and 

4. Approval of all reasonable apparatus and methods which can be 

shown according to item 3 to meet the requirements prescribed 
in item 2. 

The subcommittee has completed items 1 and 2 as noted above. These 
data are considered tentative at present and may be altered if further need 
develops. 

A complete list of apparatus and methods in present use is now being 
prepared by Subcommittee VII, with the object of selecting the mor 
suitable to be employed in experimental studies. 


with 
the 

prop 
Tent 


This report has been submitted to letter ballot of the committee, which 
consists of 30 members; 30 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


A. C. Frecpner, 
Chairman. 


R. M. Conner, -:* Rk. B. HARPER, 


Secretary. Vice-Chairman. 
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REPORT OF COMMITTEE D-4 
ON 
ROAD AND PAVING MATERIALS 


Committee D-4 on Road and Paving Materials held two meetings 
during the past year, in Atlantic City, N. J., on July 2, 1936, and in Chicago, 
Ill., on March 2, 1937. 

Subsequent to the 1936 annual meeting, Committee D-4, in cooperation 
with Committee C-9 on Concrete and Concrete Aggregates, presented to 
the Society through Committee E-10 on Standards the following two 
proposed tentative methods of test: 

Tentative Methods of: 

Test for Specific Gravity and Absorption of Coarse Aggregate (C 127-36 T), 
to replace the Standard Method of Test for Apparent Specific Gravity of 
Coarse Aggregates (D 30-18) and the Tentative Method of Test for Ap- 
parent Specific Gravity of Coarse Aggregates in a Saturated Condition 
(C 86-31 7). 

Test for Specific Gravity and Absorption of Fine Aggregate (C 128-36 T), 
to replace the Standard Methods of Test for Apparent Specific Gravity of 
Sand, Stone and Slag Screenings and Other Fine Non-Bituminous High- 
way Materials (D 55 — 25) and the Standard Method of Test for Approximate 
Apparent Specific Gravity of Fine Aggregate (C 68 — 30). 

These proposed methods were accepted! for publication as tentative 

August 26, 1936, and appear in the 1936 Proceedings.2. ‘The four methods 

hich were superseded by these two new tentative standards were accord- 
ingly discontinued. 

During the past year Subcommittee B-21 on Solubility Tests (H. M. 
Milburn, chairman) has conducted a series of cooperative tests on salt- 
sphalt mixtures. This work was undertaken because some asphaltic 
products contain a small amount of salts which it is desirable to determine 
0 that no portion of them will be classified as insoluble organic material, 
and the Standard Method of ‘Test for Determination of Bitumen (D 4 — 27) 


és not provide for accurate identification of material insoluble in carbon 
isulfide. 


The procedure used in conducting these cooperative tests was as follows: 
_ Procedure.—For the analysis, use method No. 1 of the Standard Method of Test 
tthe Determination of Bitumen (A.S.T.M. Designation: D 4) of the American 
ety for Testing Materials? with the following changes and additions: 


: In submitting these tentative methods to Committee E-10 on Standards, Committee D-4 reported 
ind of the letter ballot vote as follows: Of a total membership of 102, 67 members returned their ballots, of 
ih voted affirmatively, 0 negatively, and 6 members marked their ballots “‘not voting.” 
ats Toceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 805 and 808 (1936); also 1936 Book of A.S.T.M. 
ative Standards, pp. 511 and 514. 
1936 Book of A.S.T.M. Standards, Part II, p. 1041. 
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(a) Weigh from 4 to 5 g. of the asphalt-salt mixture into a 125-ml. Erlenmey 
flask and dissolve and filter according to Method D 4-27, but dry the crucible and 
content overnight in a desiccator instead of in an oven at 100 to 125 C. 

Notre.—The samples were thoroughly stirred in their preparation but as there may | 


some settlement of the added salt the samples should be carefully heated and thorough 
stirred just prior to sampling for analysis. 


(b) After the Gooch crucible has been weighed to determine the weight of t} 
total carbon disulfide insoluble material on the felt, wash the contents of the crucib 
with hot distilled water, using suction to facilitate filtration, until the filtrate gives 1 
test for chlorides with 0.1 N AgNO, solution. Dry the crucible in an oven at 110 ( 
to constant weight. Cool in desiccator, and weigh. Then ignite crucible, cool in a 
desiccator, and weigh. 


TABLE I.—TABULATION OF RESULTS OF PERCENTAGES OF WATER-SOLUBLE SALTS 
OBTAINED ON ASPHALT-SALT MIXTURES. 


Percentage of Salt Present as Reported by Cooperators 
Caleulated 
Sample Salt Content, 


Designations C. N. Forrest |D. H. Jenks, K. G. Mackenzie |H. W. Skidmore|H. M. Milburn per cent 


1.460 


0.018 
0.484 
1.031 
0.511 
1.514 


0.018 
0.481 
1.011 
0.494 
1.560 


“ Samples designated as A, B, C, D, and E represent samples of asphalt cement used in the preparation of the asphalt- 
salt mixtures and the reported results for water-soluble salt for samples A, B, C, D, and E were made on this asphalt cement 
and not on individual samples. ? 

The prefixes N.5, N1, M.5, and M1.5 represent respectively samples prepared individually to contain 0.5 per cent and 10 
per cent of sodium chloride, and 0.5 per cent and 1.5 per cent of magnesium chloride (MgCl2° 6H20). 


(c) Evaporate carbon disulfide filtrate in a silica dish and ignite to bright red 
heat, cool in a desiccator, and weigh to determine inorganic material that may have 
passed through the felt. If such material is present test it for the presence of chlorides. 

Report.—The reported results should include the following: ; 

(a) Percentage of organic and inorganic carbon disulfide insoluble material 
retained on the felt. (Report the percentage of each). 

(b) Percentage of water soluble material. 

(c) Percentage of organic and inorganic water insoluble material retained on the 
felt. (Report the percentage of each.) 

(d) Percentage of inorganic material in the carbon disulfide filtrate; also report 
if chlorides are present in carbon disulfide filtrate. 
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On ROAD AND PAVING MATERIALS 

This may serve as a basis for recommending to the Society, some time 
in the future, a new method of test on this subject. 

The results obtained in the cooperative tests are given in Table I. 
The samples which were sent to the cooperating members were prepared in 
the laboratory of the U. S. Bureau of Public Roads by adding 0.5 per cent 
and 1 per cent by weight of sodium chloride; 0.5 per cent and 1.5 per cent 
of magnesium chloride (MgCl,-6H,O) to an asphalt. Each sample was 
prepared individually. In the tabulation, the letters A, B, C, D, and E are 
the set identification designations. The prefixes N.5, N1, M.5, and M1.5 
represent samples prepared to contain 0.5 per cent and 1.0 per cent of 
sodium chloride, and 0.5 per cent and 1.5 per cent of magnesium chloride 
(MgCl,-6H2O), respectively. 

In the cooperative tests. other results than the percentages of water- 
soluble salts were reported. However, the only results that the subcom- 
mittee has considered and approved for publication as informational data 
are the determinations of the percentages of water-soluble salts. 


RECOMMENDATIONS AFFECTING STANDARDS _ 
I. Proposed Tentative Standards: 

Proposed Tentative Method of Test for Abrasion of Coarse Aggregate by 
Use of the Los Angeles Machine.—The committee recommends that this 
method, as appended hereto,! be accepted for publication as tentative. 
The method is substantially the same as that published for information in 
the 1935 annual report? of the committee. ‘The original description has, 
however, been slightly revised as the result of further study. 

Proposed Tentative Specifications for Standard Sizes of Coarse Aggregates 
for Highway Construction.—It is recommended that these specifications, as 
appended hereto,* be accepted for publication as tentative to replace the 
following tentative specifications which are accordingly recommended to 
be withdrawn: 

Tentative Specifications for Commercial Sizes of Broken Stone and Broken Slag 

for Highway Construction (D 63 - 23 T),‘ and 

Tentative Specifications for Commercial Sizes of Sand and Gravel for Highway 

Construction (D 64-20 T).5 
Il. Proposed Revision of Standard: 

Standard Specifications for Materials for Cement Mortar Bed for Brick, 
Slone Block, Wood Block, Asphalt Block and Other Block Pavements (D 58 - 
?4).—In order to bring these specifications more closely in line with present 
practice, the committee recommends that the following minor revision be 

'See p. 801. An additional revision presented at the annual meeting, see Surnmary of Proceedings, p. 9, 


as been incorporated in the method. 


Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 350 (1935). 
See p. 918. 


, Proceedings, Am. Soc. Testing Mats., Vol. 23, Part I, p. 709 (1923); also 1936 Book of A.S.T.M. Tenta- 
ve Standards, p. 719, 


P * Proceedings, Am. Soc. Testing Mats., Vol. XX, Part I, p. 696 (1920); also 1936 Book of A.S.T.M. Tenta- 
ve Standards, 
1936 Book of A.S.T.M. Standards ,Part II, p. 1015. 
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adopted immediately. Accordingly, the necessary nine-tenths vote at 
the annual meeting is requested in order that this revision may be referred 
to letter ballot of the Society: 

Section 2.--In Paragraph (a) change the table of grading requirements 
for the sand to read as follows by the addition of the italicized words and 
figures and the omission of those in brackets: 

_ Total passing [}-in. screen] a No. 4 sieve 

Total passing a No. [10] & sieve 

In Paragraph (b) substitute for the method of mechanical analysis 
now specified a reference to the new method of mechanical analysis of 
aggregates when the latter method, which is now being prepared under 
the joint jurisdiction of Committees C-9 and D-4, is issued as tentative 
by the Society. 

Section 3._-In Paragraph (a) change the first two sentences to read as 
follows by the addition of the italicized figures and the omission of those 
in brackets: 

The sand shall be passed through a No. [10] 8 sieve and that portion re- 
tained by the No. [10] § sieve shall be discarded. The portion passing a No. [10] 8 
sieve shall be mixed with portland cement conforming to the requirements of the 
Standard Specifications for Portland Cement (A.S.T.M. Designation: C 9) of the 
American Society for Testing Materials, in the proportion of 1 part cement to 3 parts 
of sand, by weight, according to the standard method of making 1:3 mortar briquets. 
III. Proposed Revision of Tentative Standard: 

Tentative Method of Test for Abrasion of Gravel (D 289-28 T).'—To 
meet certain criticisms and to bring this method in line with present practice, 
Committee D-4 recommends that it be revised as appended hereto* and 


continued as tentative. 7 
IV. Proposed Adoption of Tentative Standard as Standard: a — 
Tentative Method of Test for Determination of Amount of Material 
Viner than No. 200 Sieve in Aggregates (C 117-85 T).—This method is 
under the joint jurisdiction of Committee D-4 and Committee C-9 on 
Concrete and Concrete Aggregates. In practice, it has largely replaced 
the Standard Method of Test for Quantity of Clay and Silt in Gravel for 
Highway Construction (D 72 — 21) for which Committee D-4 is responsible, 
and the Standard Method of Decantation Test for Sand and Other Fine 
Aggregates (D 136-28), which is under the joint jurisdiction of Com- 
mittees C-9 and D-4. Therefore, Committee D-4 joins with Committee 
C-9 in recommending that Tentative Method C 117-35 T be approved 
for reference to letter ballot of the Society for adoption as standard to 


_ 1 Proceedings, Am. Soc. Testing Mats., Vol. 28, Part I, p. 940 (1928); also 1936 Book of A.S.T.M. Ten- 
tative Standards, p. 738. 


* See p. 921. An additional revision presented at the annual meeting, see Summary of Proceedings, P- 10, 
has been incorporated in the method. 1 
_ § Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 832 (1935); also 1936 Book of A.S.T.M. Ten- 
tative Standards, 


D. 488. 
41936 Book of A.S.T.M. Standards, Part II, pp. 1050 and 1051, respectively. 
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replace the Standard Methods D 72 ~ 21 and D 136 ~ 28, which are recom- 
mended to be withdrawn. 
V. Withdrawal of Standard: 

Standard Form of Specifications for Certain Commercial Grades of 
Broken Stone (D 35-—18)4—The committee recommends the withdrawal 
f this standard. ‘This will conform with the recommendation presented 
earlier in this report, proposing that the related Tentative Specifications 
for Commercial Sizes of Broken Stone and Broken Slag for Highway Con- 
truction (D 63 — 23 T) and for Sand and Gravel for Highway Construction 
D 64-20 T) be discontinued. 

Tentative Specifications for Concrete for Pavements (D 366-33 T)2— 
The committee also recommends the withdrawal of these tentative speci- 
cations as being essentially construction specifications and therefore some- 
hat outside the province of the Society. This recommendation for dis- 
ontinuing these specifications is presented with the understanding that 
this subject will be carried on by the American Concrete Institute. 

VI. Tentative Standards Continued as Tentative: 

In connection with the tentative standards for which it is responsible 
and which have been published for three or more years without revision, 
Committee D-4 regrets that it is unable at this time to recommend their 
adoption as standard. It hopes, however, to include definite recom- 
mendations regarding them in its next annual report. 

At the request of Committee D-15 on Thermometers and Laboratory 
Glassware, Committee D-4 has approved the inclusion of the following 
clause as an editorial change in the requirements for high- and low-distilla- 
tion thermometers: 

For purposes of calibration and certification one or two division markings should 
be placed below the zero on the Centigrade scale thermometer. 

The committee has also approved the following editorial revisions in 
the Standard Methods of Chemical Analysis of Calcium Chloride (D 345 - 
34) :4 

Section 1..-Change the tenth sentence from its present form: namely, 


Dissolve the precipitate with 10 to 15 ml. of 0.25 N H.SO,, heat to about 80 C. 
and titrate to a pink color with 0.1 N KMnO,. 
to read as follows: 

Dissolve the precipitate with 10 to 15 ml. of a solution of 1 part H.SO, and 4 parts 
water, heat to about 80 C. and titrate to a pink color with 0.1 N KMnO,. 

In the formula following this section change the denominator of the 
fraction to read as follows by the addition of the italicized word: “Weight 
of original sample in grams.” 

1 1936 Book of A.S.T.M. Standards, Part II, p 
F Groceedings, Am. Soc. Testing Mats., Vol. 33, Past 'l, p. 764 (1933); also 1936 Book of A.S.T.M. Tenta- 
ive Standards, p. 694. 
recommendation was approved by the Society at the annual meeting, see Summary of Proceedings, 
#1936 Book of A.S.T.M. Standards, Part II, p. 1046. 
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Section 3.--Divide the second paragraph of this section into two para- 
graphs beginning the new third paragraph with the present sixth sentence 
which reads: “Finally, filter through a dry retentive filter paper, discarding 
the first 10 ml. and refiltering if cloudy.” 

Omit from the new third paragraph the second sentence, which reads 
as follows: 

Add a few milliliters of (NH,),C,0,, heat to boiling, and filter. 

Committee D-4 joins with Committee D-8 on Bituminous Water- 
proofing and Roofing Materials in recommending that Committee E-1 on 
Methods of Testing give consideration to the following changes in the 
Tentative Method of Test for Softening Point by Ring-and-Ball Apparatus 
(E 28 — 36 T): 

1. To avoid confusion with present Standard Method of Test for Softening Point 
of Bituminous Materials (Ring-and-Ball Method) (D 36-26), change the name of 
of the test to read: ‘‘ Method of Test for Softening Point by Tapered Ring Apparatus.” 

2. Remove or change the requirement in Section 3 that a sample shall “not be 
heated more than 30 C. (54 F.) above its softening point, in the case of materials 
having a softening point below 121 C. (250 F.) . . . or more than 50 C, (90 F.) 

. materials with softening points above 121 C. (250 F.).” 


The change in Section 3 is suggested since certain asphaltic materials 
require greater differences than these between the softening point and 
pouring temperature. 

The committee further recommends that wide publicity be given to 
the fact that Method E 28 — 36 T is essentially a new method which gives 
somewhat different results from those obtained by the Standard Method 
D 36-26. Committee D-4 does not favor the withdrawal of Standard 
Method D 36 —26 nor the adoption as standard of Method E 28 - 36 T 
until these recommendations are adopted and Method E 28 — 36 T is accept- 
able to the members of the committee. 

The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 100 members; 70 mem- 
bers returned their ballots, the results being as follows: 


Voting” 


I. Proposgp Tentative STANDARDS 

Method of Test for Abrasion of Coarse Aggregate by Use of the Los Angeles Machine... 12 

Specifications for Standard Sizes of Coarse Aggregate for Highway Construction to replace Speci- 7 
fications D 63 - 23 T and D 64-20 T 12 


Il. Revision or STanpaRD 
Specifications for Materials for Cement Mortar Bed for Brick, Stone Block, Wood Block, Asphalt 
Block and Other Block Pavements (D 58 - 24), immediate adoption 


III. Revision or Tentative STANDARD 
Method of Test for Abrasion of Gravel (D 289 - 28 T) 


IV. Apoption or TENTATIVE STANDARD AS STANDARD 
Method of Test for Determination of Amount of Material Finer than No. 200 Sieve in Aggregates 
(C 117-35 T), to replace Standard Methods D 72 and D 136 


V. Wrraprawax or STanpa 
From of Specifications for Certain Commercial Grades of Broken Stone (D 36 - 18) 
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This report has been submitted to letter ballot of the committee which 
sists of 100 members; 70 members returned their ballots, of whom 67 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


F. C. Lane, 
Chairman. 


Prevost HUBBARD, 


Secretary. 


> 


Subsequent to the annual meeting Committee D-4 on Road and Paving Materials 
presented to the Society through Committee E-10 on Standards a proposed tentative 
revision of the Standard Method of Test for Softening Point of Tar Products (Cube- 

Water Method) (D 61-24), This revision was accepted by Committee E-10 for 
publication as tentative on October 11, 1937, and appears on p. 1321. 
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REPORT OF COMMITTEE D-5 
ON 
COAL AND COKE 


Committee D-5 on Coal and Coke held two meetings during the past 
year; one on July 1, 1936, at the annual meeting of the Society in Atlantic 
City, N. J., and the other on March 1, 1937, at the spring group meetings 
of A.S.T.M. committees in Chicago, Ill. 

A new subcommittee, under the chairmanship of Mr. C. C. Russell and 
designated as Subcommittee XV on Plasticity and Swelling of Coal, has 
been formed to investigate methods for testing plasticity and swelling of 
coal when heated, in connection with the use of coal for coke-making and as 
affecting its burning characteristics under fuel bed conditions. Swelling or 
expansion of coal is important in the selection of coals for coke-making as 
strongly swelling coals cause injury to the walls of the ovens. 

During the year, the second edition of the compilation of methods 
of test, specifications, and definitions sponsored by Committee D-5 was 
issued by the Society as a special publication entitled A.S.T.M. Standards 
on Coal and Coke. 

It is with regret that the committee records the death of Mr. F. R. 
Wadleigh who was active in the work of the committee. ‘The membership 
of the committee now totals 43, of whom 16 are classified as consumer, 8 as 


producer, and 19 as general interest members. a 


RECOMMENDATIONS AFFECTING STANDARDS 


I. Proposed Tentative Standards.—The committee recommends that 
the proposed Tentative Method of Drop Shatter Test for Coal and Method 
of Tumbler Test for Coal, as appended hereto,! be accepted for publication 
as tentative. The shatter test is suitable for testing both a standard size of 
different coals and for testing different sizes of the same coal, and the 
tumbler test method is intended for determining the relative friability of 4 
particular size of lump coal. 

IT. Proposed Revisions of Tentative Standards. ~The committee recom- 
mends that the Tentative Methods of Test for Grindability of Coal by the 
Ball-Mill Method (D 408-35 T)? and for Grindability of Coal by the 
Hardgrove-Machine Method (D 409 — 35 T)? be revised as appended hereto" 


1 See pp. 820 and 827. S.T.M 
2 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, pp. 854, 857 (1935); also 1936 Book of A.S.1.. 
Tentative Standards, pp. 532, 535. 
8See pp. 810 and 815. 
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On COAL AND COKE 
g 


and continued as tentative. The revisions are based on further experimental 
york and criticisms received since the two methods were first published as 
tentative in 1935. 

III. Proposed Tentative Revisions of Standards.—The committee recom- — 
mends the revisions as appended hereto! in the Standard Method of Sam- © 
sling Coal (D 21-16) and the Standard Methods of Laboratory Sampling 
and Analysis of Coal and Coke (D 271 — 33), for publication as tentative. 
The proposed modifications are intended to provide a means for mechanical 
cushing and reduction of gross samples of coai and to specify the minimum 
amount of minus 4 mesh coal to constitute a laboratory sample. The 
proposed revisions of Methods D 271 change the quantity of the laboratory 
ample of minus 4 mesh coal from 10 lb. to 15 lb. to conform with the 
revision of Method D 21. ‘The tolerances for check determinations of 
dlatile matter are revised to include tolerances for anthracite, semi- 
inthracite, subbituminous coal, peat, and chars. 

IV. Adoption as Standard of Tentative Revision of Standard.—As a 
tentative revision of the Standard Methods of Laboratory Sampling and 
\nalysis of Coal and Coke (D 271-33), the committee presented last 
year’ a revision of the modified procedure for the determination of volatile 
matter in fuels which require a preliminary heat treatment to prevent the 
too rapid evolution of moisture and gases. The committee now recommends 
that this tentative revision be approved for reference to letter ballot of the 
society for adoption as standard. 


The recommendations appearing in this report have been submitted to 
etter ballot of the committee, which consists of 43 members, the results 
ng as follows: 


Items 


I. Proprosep Tentative STANDARDS 


tthod of Drop Shatter Test for Coal 
hod of Tumbler Test for Coal 


II. Proposep Revision or TENTATIVE STANDARDS 


te of Test for Grindability of Coal by the Ball-Mill Method (D 408-35 T).............. 
tod of Test for Grindability of Coal by the Hardgrove-Machine Method (D 409 - 35 T)... 


III. Proposep Tuntative Revision or STANDARDS 
*hods of Laboratory Sampling and Analysis of Coal and Coke (D 271 - 33) 


IV. Apoprion as SranpaRD oF TENTATIVE Revision oF STANDARD 
“ds of Laboratory Sampling and Analysis of Coal and Coke (D 271 -33) 


ee pp. 1325 and 1326. 


Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I - q 
Sates. tate esting Mats., Vo’ . Part I, p. 1206 cei also 1936 Book of A.S.T.M. 
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Report oF ComMITTEE D-5 


ACTIVITIES OF SUBCOMMITTEES 
Subcommittee I on Methods of Testing (W. A. Selvig, chairman)—tIh 
_ the report of Committee D-5 as presented last year, reference was made to 
| experiments to find a satisfactory inert material for the agglutinating value 
q 


test for coal. ‘Tests made on different lots of silicon carbide (carborundum) 
show that this material is sufficiently uniform for use as the inert material. 
The method is not yet ready for recommendation as a proposed tentative 
standard because of difficulty in obtaining check results among different 
laboratories showing that the technique of the test procedure requires 
further investigation. 

Continued check determinations by different laboratories of coal-ash 
fusibility by the Barrett coal-ash fusion furnace and the gas furnace specified 
in the Standard Methods of Laboratory Sampling and Analysis of Coal and 
Coke (D 271-33) have shown that these results check well within the 
tolerances as given in the standard methods. Committee D-5 has instructed 
Subcommittee I to prepare a revision of the standard method to include the 
Barrett coal-ash fusion furnace. In this revision, it is proposed to give 
specific furnace requirements and to include names of commercial furnaces 
that on trial have been found to give satisfactory results. 

Subcommittee II on Nomenclature and Definitions (H. C. Porter, 

j chairman).---Upon recommendation of Subcommittee II, the Tentative 
Definition of the Term Coke (D 121 — 30 T) is being continued as tentative, 
pending further consideration by Committee E-8 on Nomenclature and 

_ Definitions, to which the matter of a revised definition for this term has 

_ been referred for reconcilement of the differences in opinion thereon. 

The Tentative Definitions of the Terms Gross Calorific Value and Net 
Calorific Value of Fuels (D 407 — 35 T) are being continued as tentative to 

afford further opportunity for criticism. 

Subcommittee VII on Pulverizing Characteristics of Coal (John Van 

_ Brunt, chairman).—A meeting of the subcommittee was held in New York 
- City, on October 14, 1936, at which time extensive revisions were made in 
the Tentative Methods of Test for Grindability of Coal by the Ball-Mill 

- Method (D 408~35 T) and for Grindability of Coal by the Hardgrove- 
Machine Method (D 409-35 T). These modifications, which have been 
incorporated in the revised methods appended hereto, are the result 0! 
further investigative work and criticisms received since publication of the 
tentative methods. In the case of the Hardgrove-machine method, sieving 
at the end of the test is greatly shortened by the elimination of all but one 
sieve in size testing the ground coal. ‘The formula given in the revisions of 

this method for calculating grindability from the weight of sample ground 

_ to pass a 74-micron (No. 200) sieve was derived from a large number of 

coals by plotting grindability indexes determined by the procedure 4s 
published against grams of coal ground to pass a 74-micron (No. 200) sieve. 
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Subcommittee XI on Coal Friability (R. E. Gilmore, chairman).—This 
subcommittee completed the task of formulating methods of test for fri- 
ability of coal or its resistance to breakage on handling. ‘These two methods 
entitled proposed Tentative Method of Drop Shatter Test for Coal and 
Method of Tumbler Test for Coal, appended hereto,! are being recommended 
for publication as tentative as mentioned earlier in this report. The 
experimental work upon which the methods are based is given in footnote 
references included in the methods. 

Subcommittee XIII on Mechanical Sampling and Reduction of Samples 
(J. B. Morrow, chairman).—-The proposed tentative revisions in the 
Standard Method of Sampling Coal (D 21 — 16) and the Standard Methods 
of Laboratory Sampling and Analysis of Coal and Coke (D 271-33), as 
appended hereto’, were prepared by this subcommittee. ‘The revision of 
Method D 21 for the sampling of coal provides a procedure for the reduction 
of gross samples of coal by means of mechanical crushers and rifile samplers. 
This provides a method much less laborious than the standard hand method 
and is probably of greater accuracy because of the elimination of personal 
errors inherent in hand methods of reducing coal samples. Mechanical 
methods of reducing coal samples are now used extensively by those having 
much coal sampling to perform, so there is need for a standardized procedure. 
The recommendation that minus 4 mesh coal be not divided further than 
15 lb. is based on experimental work® showing an increase of sampling errors 
with a decrease in the size of the sample. 


This report has been submitted to letter ballot of the committee, which 
consists of 43 members; 33 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


Chairman. 


W. A. SELvic, 
Secretary. 


See pp. 820 and 827. 
*See pp. 1325 and 1326. 
Di JJ. A. Younkins, *‘ Notes on the Collection and Reduction of Coal Samples," Mineral Industries, The 
ivision of Mineral Industries Extension, Pennsylvania State College, Vol. 6, No. 1, pp. 3-4; No. 2, p. 2 (1936). 
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REPORT OF SECTIONAL COMMITTEE 
ON 
CLASSIFICATION OF — 
A.S.A. Project: M 20 


_ The Sectional Committee on Classification of Coals, functioning under 
the procedure of the American Standards Association, held one meeting 
during the past year, in New York City, on February 17, 1937. 

The committee records with regret the death of Mr. F. R. Wadleigh, 
who took an active part in the work of the committee and served as chair- 
man of the Technical Committee on Marketing Practice. W. R. Chedsey 
has been appointed the representative of the Coal Mining Institute of 
America, vice W. E. Fohl, resigned. D. A. Newhall was appointed as a 
representative of the National Coal Association, vice W. H. Cunningham, 
resigned. 


RECOMMENDATIONS AFFECTING STANDARDS 


Adoption of Tentative Standards as Standard.—The committee recom- 
mends that the Tentative Specifications for Classification of Coals by 
Grade (D 389-34 T)! and Specifications for Classification of Coals by 
Rank (D 388-36 T)? with revisions as given below be approved for 
reference to letter ballot of the Society for adoption as standard. 

In the case of Specifications D 389, the changes have been incorporated 
in the completely revised specifications which are appended hereto.’ The 
modifications in these specifications cover the inclusion of size designations 
and the addition of a footnote to Table I concerning the commercial grading 
of coals according to ash content. In addition, a number of editorial 
improvements have been made in the text. 

_ The following revision is recommended in Specifications D 388: 
___ Table I.—Insert a footnote reference “a” to the title of the table and 
add the following footnote: 

« This classification does not include a few coals which have unusual physical 
and chemical properties and which come within the limits of fixed carbon or B.t.u. 
of the high-volatile bituminous and subbituminous ranks. All of these coals either 


contain less than 48 per cent dry, mineral-matter-free fixed carbon or have more than 
15,500 moist, mineral-matter-free B.t.u. 


_ 1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 841 (1934); also 1936 Book of A.S.T.M. Tenta- 
tive Standards, p. 527. Tenta- 
_ 2 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 812 (1936); also 1936 Book of A.S.T.M. Ten’ 
tive Standards, p. 520. lement 
3 These revised specifications were ates as standard by the Society and appear in the 1937 Supple 
to Book of A.S.T.M. Standards, p. 151.—Eb. 
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Both Specifications D 388 and D 389 have been approved as American 
tentative standards by the American Standards Association (A.S.A. Nos. 
M20.1 and M20.2-1936, respectively) and are recommended for approval 
as American standards upon their adoption as A.S.T.M. standards. 

The recommendations in the report have been submitted to letter 

llot of the committee, which consists of 29 members; 25 members returned 
their ballots, the results being as follows: 


Ballots 
Marked 
“Not 
Voting” 


Apoption oF TENTATIVE STANDARDS AS STANDARD 


Specifications for Classification of Coals by Grade (D 389 - 34 T), as revised 22 1 
Specifications for Classification of Coals by Rank (D 388 - 36 T), as revised 23 1 


ACTIVITIES OF TECHNICAL COMMITTEES _ 


Technical Committee on Coal Classification (H. J. Rose, chairman).— 
During the past year this technical committee held two mectings; one in 
Pittsburgh, Pa., on October 20, 1936, and the other in New York City, 
on February 17, 1937. The Tentative Specifications for Classification of 
Coals by Rank (D 388 —- 36 T) were revised and are being recommended 
for adoption as standard. ‘The revision, as given earlier in this report, 
covers the inclusion of a footnote stating that the classification does not 
apply to certain coals of unusual physical and chemical properties which 
come within the limits of fixed carbon or B.t.u. of the high-volatile bitu- 
minous and subbituminous rank. 

The Tentative Specifications for Classification of Coals by Grade 
D 389-34 T), revised to include size designations, are also being recom- 
mended for adoption as standard as appended hereto.' A footnote refer- 
ence in these specifications, concerning the commercial grading of coals 
according to ash content, is recommended for inclusion in the specifications. 
This footnote is intended for information and states that ranges in the 
percentage of ash smaller than 2 per cent as now given in the specifications 
are commonly used for the commercial grading of coals. The committee 
believes that the 2 per cent ash increments as given in the specifications 
are as small as practical for broad general specifications, although ranges 
in the perce ntage of ash smaller than 2 per cent are used for the grading 
of coals for certain commercial purposes. 

The Tentative Method for Designating the Size of Coal from Its 
screen Analysis (D 431 -- 36 T) is recommended for continuation as tenta- 
lve to afford further opportunity for criticism. 

iT 


hese revised specifications were adopted as standard by the Society and appear in the 1937 Supplement 
Book of A.S.T.M. Standards, p. 151.—Ep. 
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408 REPORT OF SECTIONAL COMMITTEE 


‘The technical committee continued active work throughout the year, 
through its subcommittees, as follows: 

Subcommittee II on Origin and Composition of Coal and Methods of 
Analysis (W. A. Selvig, chairman) held a meeting in Pittsburgh, Pa., on 
October 19, 1936. For several years the subcommittee has considered 
available information on the microstructure of coals with a view to formu- 
lating specifications or definitions for classifying coals according to type, 
based on origin. ‘The principal factors which determine types of coal are 
the kinds of vegetation and plant products laid down as ingredient ma- 
terials, and the environmental conditions controlling their accumulation 
and their alteration during the peat stage of coal formation. The sub- 
committee has concluded that the present state of knowledge of types 
of coal based on origin does not permit formulation of such specifications 
or definitions at this time. The subcommittee has been relieved of its 
charge of writing specifications or definitions of types of coal, based on 
origin. 

Subcommittee V on Boundary Lines for Coal Classification (W. A. 
Selvig, chairman) prepared a footnote, as mentioned above, for the Tenta- 
tive Specifications for Classification of Coals by Rank (D 388 - 36 1) 
relative to certain coals of unusual physical properties that are not properly 
classified according to the specifications. These exempted coals are vari- 
eties such as cannels, bogheads and other coals of aquatic origin, which are 
lower in fixed carbon or higher in B.t.u. than the common banded coals 
with which they are associated geologically. A study of all available 
analyses of such coals of the United States and of Canada showed that 
they could be excluded from the rank classification system by reference to 
their fixed carbon and B.t.u. content. 

Subcommittee VI on Correlation of Scientific Classification with Use 
Classification (T. W. Harris, Jr., chairman), in cooperation with the Na- 
tional Association of Purchasing Agents, has completed the charts of 
“Factors Recommended for Consideration in the Selection of Coal” which 
show the relative importance of chemical and physical factors for the 
various uses of coal. A report of the subcommittee, including the charts, 
has been published in booklet form by the National Association of Pur- 
chasing Agents, 11 Park Place, New York City, from whom copies may be 
obtained at a price of $1.00 per copy to cover cost of publication. 

Subcommittee VII to Define Coal Sizes and Friability (J. D. Doherty, 
chairman) held a meeting on October 20, 1936, at Pittsburgh, Pa. ‘The 
subcommittee recommended the inclusion of size designations in the Tenta- 
tive Spe cifications for Classification of Coals by Grade (D 389-34 1), 
such size designations to be in accordance with those given in the Tenta- 
tive Method for Designating the Size of Coal from Its Screen Analysis 
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) 431-36 T). The specifications in their revised form as appended 
hereto! include these size designations. 

Technical Committee on Nomenclature (E. A. Holbrook, chairman).— 
During the past year this technical committee held two meetings; one in 
Pittsburgh, Pa., on December 10, 1936, and the other in New York City, 
o February 17, 1937. The committee has been assigned the task of 
mulating definitions of commercially recognized varieties of coal other 
than those of rank and grade. Satisfactory progress has been made in 

rmulating definitions of varieties such as common banded coal, splint 
il, cannel coal, and boghead coal. The committee hopes to present 
h definitions next year for consideration as tentative. ss 


This report has been submitted to letter ballot of the committee 
ich consist of 29 members; 25 members returned their ballots, all of 


hom have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


A. C. Frecpner, 
Chairman. 
J. D. Batre, 


_! These revised specifications were adopted as standard by the Society and appear in the 1937 Supplement 
to Book of A.S.T.M. Standards, p. 151.—Eb. 
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REPORT COMMITTEE D-7 
ON 


Committee D-7 on Timber has carried on its work through its sub- 
committees, several of which have been very active during the past year, 
{ and reports the results herewith. 


RECOMMENDATIONS AFFECTING STANDARDS 

The recommendations affecting standards are noted in brief form below 
- together with results of the letter ballot. These recommendations are 
{ explained in the reports of the subcommittees directly responsible for them. 

I. Proposed Tentative Standard.—The committee recommends for 

publication as tentative the proposed Method of Test for Tar Acids in 
_ Creosote and Creosote - Coal Tar Solutions, appended hereto,! as proposed 
by Subcommittee VI on Timber Preservatives. 

IT. Adoption of Tentative Standards as Standard.—The committee 

recommends that the following tentative specifications be submitted to 
— letter ballot of the Society for adoption as standard, as proposed by Sub- 
committee I on Specifications for Timber: 

Tentative Specifications for Timber Piles (D 25 - 35 T),? and 

Tentative Specifications for Structural Wood Joist and Plank, Beams and 

Stringers, Posts and Timbers (D 245 — 36 T).3 

The following two typographical errors have been noted in the Tentative 
Specifications D 245: In Section II of the specifications covering structural 
beams and stringers, the slope of grain for 1800-Ib. f structural beams and 
stringers is indicated as 1 in 16; this should be changed to read “1 in 15.” 
Likewise, in Section III covering structural posts and timbers, the slope of 
grain for 1100-lb. c structural posts and timbers of Douglas fir should be 
changed from 1 in 12 to read “1 in 10.” These corrections will be made 

_ when the specifications are next printed. 

IIT. Specifications Continued as Tentative.—The committee recommends 
that the Tentative Specifications for Zinc Chloride (D 432-36 7) be 
_ continued as tentative for another year so as to afford ample opportunity 
suggestions and criticisms. 


1 See p. 832. 


_  * Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 868 (1935); also 1936 Book of A.S.T.M. Tenta 
tive Standards, p. 571. 


* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 823 (1936); also 1936 Book of A.S.T.M. Tenta 


tive Standards, p. 547. 
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On TIMBER 
The recommendations appearing in this report have been submitted to 
letter ballot of the committee which consists of 25 members; 23 members 
«turned their ballots, the results being as follows: 


— 


Ballots 
Items 


__ I. Tentative STaNpaRD 
dd of Test for Tar Acids in Creosote and Creosote - Coal Tar Solutions.................... 


II, Apoprion or Tentative STANDARDS AS STANDARD 
ications for Timber Piles (D 25 - 35 T) 
ications 2 Structural Wood Joist and Plank, Beams and Stringers, and Posts and Timbers 
245 - 36 T) 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications for Timber (C. EF. Paul, chairman).— 
Subcommittee I had practically completed the revision of its Tentative 
Specifications for Timber Piles (D 25 — 35 T)! last year. Certain criticisms 
were received which were thoroughly considered during the year and it was 
finally voted at the meeting of both the subcommittee and Committee D-7 
that the specifications as originally presented in 1935 required no further 
change. As a matter of information, the committee reports that these 
specifications are in substantial agreement with the specifications developed 
by the American Railway Engineering Association and by the American 
\ssociation of State Highway Officials. 

The committee voted unanimously to recommend to the Society that, 
alter their adoption as an A.S.T.M. standard, Specifications D 25 be sub- 
mitted to the American Standards Association for approval as an American 
standard. 

The subcommittee has also continued its studies of the Tentative 
Specifications for Structural Wood Joist and Plank, Beams and Stringers, 
and Posts and Timbers (D 245 — 36 T).2 It has been generally agreed that 
these specifications as modified last year are now in excellent form and 
should be adopted as standard. These specifications have already been 
approved and adopted as standard by the American Railway Engineering 
Association and will appear in the A.R.E.A. Manual this year. Attention is 
called to the information concerning these specifications for structural 
timber appearing in the 1935 and 1936 reports* of Subcommittee I. 

This subcommittee also reports that it is investigating the possibility of 
nodifying the definition for knots with particular reference to hardwoods so 
‘sto clarify methods for measuring knots in both structural timber and piles. 


Soc. Testing Mats., Vol. 35, Part I, p. 868 (1935); also 1936 Book of A.S.T.M. Tenta- 
. Soc. Testing Mats., Vol. 36, Part I, p. 823 (1936); also 1936 Book of A.S.T.M. Tenta- 
‘ Soc. Testing Mats., Vol. 35, Part I, p. 362 (1935) and Vol. 36, Part I, p. 443 (1936). 
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Subcommittee VI on Timber Preservatives (S. R. Church, chairman) — 
This subcommittee recommends that the Tentative Specifications for Zinc 
Chloride (D 432 — 36 T) be continued as tentative. No criticism of these 
specifications has been received and it is intended to recommend their 
adoption as standard in 1938. 

The subcommittee recommends for publication as tentative a pro- 
posed Tentative Method of Test for Tar Acids in Creosote and Creosote- 
Coal Tar Solutions, as appended hereto.!. This method is identical in 
substance with the Standard Methods for the Determination of Tar Acids 
in Creosote Oil of the American Wood-Preservers’ Association. 

Other subjects which have been given consideration by the subcom- 
mittee during the year are the following: (1) proposed revision of the 
Standard Methods of Test for Insoluble Matter in Creosote (D 367 - 33), 
on which no action is recommended at present; (2) development of a 
definition for the term ‘‘coal tar” as used in wood preserving, on which no 
conclusion has as yet been reached; and (3) consideration of the Methods 
of Sampling and Testing Creosote (D 38-33). On the latter, the present 
methods of sampling are considered satisfactory but may possibly be ex- 
panded with more definite instructions for the selection of samples from 
large tanks and vessels. 

The work of the subcommittee during the coming year will include 
the consideration of unfinished items heretofore noted and the question of 
the possible adoption of methods for determining the component parts of 
mixtures of zinc chloride and sodium bichromate as recently reported by 
the Preservatives Committee of the American Wood-Preservers’ Asso- 
ciation. 

Subcommittee XI on Moisture Content of Timber (M. FE. Dunlap, chair- 
man).—Subcommittee XI will continue its work in connection with methods 
for determining moisture in lumber. Owing to the fact that its chairman 
was assigned to certain important Governmental duties, the subcommittee 
regrets that it can only make a progress report this year. ‘The subcom- 
mittee has presented certain photographs and descriptions of new moisture 
methods which are, however, not yet ready for publication. 


Report OF COMMITTEE D-7 


This report has been submitted to letter ballot of the committee 
which consists of 25 members; 23 members returned their ballots, of 
whom 22 have voted affirmatively and none negatively. _ 


Respectfully submitted on behalf of the committee, 


HERMANN VON SCHRENK, 


Chairman. 
Jj. A. NEw Lin, 


Secretary. 


1 See p. 832. 
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REPORT OF COMMITTEE D-8 
ON 


BITUMINOUS WATERPROOFING AND ROOFING MATERIALS 


Committee D-8 on Bituminous Waterproofing and Roofing Materials 
is held two meetings during the past year, in Atlantic City, N. J., on 
July 2, 1936, and in Chicago, IIl., on March 1, 1937. 


RECOMMENDATIONS AFFECTING STANDARDS 
I. Proposed Tentative Standards: 


Proposed Tentative Methods of Test for Sieve Analysis of Mineral Sur- 
ing for Asphalt Roofing and Shingles—-The committee recommends for 
iblication as tentative the following two methods of test for sieve analy- 

These methods are a revision of the proposed tests published as in- 
mation in the 1936 report! of Committee D-8, which were based on a 
perative study by Subcommittee XII on Tests for Mineral Surfacing 

Materials. A further series of cooperative tests has been conducted by 
the subcommittee as mentioned later in this report. 

Proposed Tentative Method of Test for Sieve Analysis of Granular Mineral 
facing for Asphalt Roofing and Shingles,? and 


Proposed Tentative Method of Test for Sieve Analysis of Non-Granular Mineral 
rfacing for Asphalt Roofing and Shingles.’ 


Proposed Tentative Specifications for Asphalt for Damp-proofing and 
Valerproofing.-Last year the specifications for asphalt for damp-proofing 
and waterproofing were reverted to a tentative status for the purpose of 
revising and combining them. ‘This has now been accomplished and the 
committee has prepared revised specifications for asphalt for damp-proof- 
ng and waterproofing, as appended hereto,? which are recommended for 

iblication as tentative to replace the following two tentative specifica- 
uns which are accordingly recommended to be withdrawn: 
tentative Specifications for: 
Asphalt for Use in Damp-proofing and Waterproofing Below Ground Level 
(D 40 - 36 
Asphalt for Use in Damp-proofing and Waterproofing Above Ground Level 
(D 144 - 36 T)s 


: Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I 461, 464 (1936 
See pp. 965, 969. g Mats., Vol. 36, Part I, pp. ’ ( )« 
See p. 927, 


‘Proceedings, Am. i 
Tentative ae Lage Testing Mats., Vol. 36, Part I, pp. 894, 892 (1936); also 1936 Book of A.S.T.M. 


7, 815. 
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Proposed Tentative Specifications for Coal-Tar Pitch for Roofing, Damp. 
proofing and Waterproofing. ‘These new proposed specifications for coal- 
tar pitch, as appended hereto, have been prepared to conform to present 
practice in climinating differential requirements for type and usc. They 
represent a revision and consolidation of existing specifications for this 
material. It is recommended that they be accepted for publication as 
tentative to replace the following six tentative specifications which are 
accordingly recommended to be withdrawn: 

Tentative Specifications for: 

High-Carbon Coal-Tar Pitch for Use in Damp-proofing and Waterproofing 
Below Ground Level (D 42 - 36 T), 

High-Carbon Coal-Tar Pitch for Use in Damp-proofing and Waterproofing 
Above Ground Level (D 145 — 36 T),? 

High-Bitumen Coal-Tar Pitch for Use in Damp-proofing and Waterproofing 
Below Ground Level (D 200 — 36 T),? 

High-Bitumen Coal-Tar Pitch for Use in Damp-proofing and Waterproofing 
Above Ground Level (D 201 — 36 T),? 

High-Carbon Coal-Tar Pitch for Use in Constructing Built-Up Roofs Surfaced 

with Slag or Gravel (D 251 — 36 T),? and 


High-Bitumen Coal-Tar Pitch for Use in Constructing Built- Built-Up Roofs Surfaced 
with Slag or Gravel (D 252 - 36 T).2 a 


IT. Proposed Revision of Standard: 

Standard Methods of Testing Felted and Woven Fabrics Saturated with 
Bituminous Substances for Use in Waterproofing and Roofing (D 146 - 27)3 
The following proposed revision ef this method specifies a procedure for 

measuring thickness of specimens to control more adequately the area and 

force at the contact points of the micrometer. This is highly desirable 

because there is wide variation in thickness at ranged adjacent points and, 
as felts are compressible, it is preferable to use a dead-weight gage rather 
= a spring gage. ‘The committee recommends this revision for immediate 

adoption as standard and accordingly asks for the necessary nine-tenths 

vote at the annual meeting in order that the revision may be referred to 
_ letter ballot of the Society for immediate adoption: 


Section 10.-Change from its present form: namely, 


10. The thickness of each specimen shall be measured at 10 equally spaced 
points, 1 in. from a cut edge, with a micrometer gage having flat bearing surfaces 
at both contact points of not less than } in. in diameter and preferably of the spring: 
and-dial type. The readings for each roll sampled shall be averaged and the mini- 

-mum, maximum and average thickness calculated to the nearest 0.001 in. 


1 See p. 948. $.T.M 
2 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 896 to 906 (1936); also 1936 Book of A. 

_ Tentative Standards, pp. 834 to 844. 
$1936 Book of A.S.T.M. Standards, Part II, p. 1153. 
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read as follows: 

10. The thickness of each specimen shall be measured at ten equally spaced 
ts at least 1 in. from a cut edge with a dead-weight micrometer gage having a 
ndrical foot and anvil with flat bearing surfaces 1 sq. in. in area. The load used 
l be 2 lb. per sq. in. The thickness for each roll sampled shall be averaged and 
minimum, maximum and average thicknesses calculated to the nearest 0.001 in. 


III. Proposed Revision of Tentative Standards: 

Tentative cations for Asphalt Roofing Surfaced with Powdered 

ic or Mica (D 224-385 T).'—These specifications have been reviewed 
‘n connection with ntti criticisms of the quantity and type of mineral 
iller in the coating and as a result the committee recommends that they 
be revised as follows and continued as tentative: 

Section 5.—-Change requirements (f) and (g) to read as follows by 
the addition of the italicized words and figures and the omission of those 
in brackets: 


65 Pounds 55 Pounds 


Max., Lb. Min., Lb. « Lb. Min., Lb. 


Veight of mineral filled coating 
[Soluble in CS2)} and surface min- 


eral matter per 108 sq. ft (15.0) 18.0 {15.0} 18.0 
with g) Per by weight of mineral 
matter [per 108 sq. ft.] passing a 


No, 100 sieve on basis of total weight 
if mineral filled coating and surface 
_mineral matter as determined in (f) | (8.0) 50.0 per cent | [4.0] 15.0 per cent | [8.0] 50.0 per cent | |4.0) 16.0 per cent 


and 
abl New Section.—After the present Section 7 add a new Section 8 on 
and, saturation to read as follows, renumbering the subsequent sections ac- 
ither rdingly : 

diate 8. Saturation.—The felt shall be completely and uniformly saturated, and shall 


nths Wno unsaturated spots at any point upon cutting strips at random across the 
d to ‘tire sheet and splitting them open for their full length. 


Tentative Specifications for A sphalt Shingles Surfaced with Coarse 
Mineral Granules (D 225-35 T).2—It is recommended that these speci- 
paced ations be revised as follows and continued as tentative: 
rfaces Section 7.—-Change to read as follows by the addition of the italicized 
pring- rds and the omission of those in brackets: 


i. The felt shall be completely and uniformly saturated, and shall show no 
rote! Spots at any point [when the roofing is cut or split open] upon cutting 


ips 2 in. in width across the entire shingle and splitting them open for their entire 

. | Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 994 (1935); also 1936 Book of A.S.T.M. Ten- 
Wve Standards, p. 827. 


* Proceedings, Am. Soc. iis Mats., Vol. 35, Part I, p. 998 (1935); also 1936 Book of A.S.T.M. Tene 
ive Standards, p. 831. 


mp- 
‘al 
sent 
hey 
this | 
h as 
are 
fing 
ofing | 
ofing 
ofing 
raced 
faced | | 
/ 


416 Report or Committee D-8 


Tentative Specifications for Asphalt Roofing Surfaced with Fine Minera| 
Granules (D 248-35 T).—-It is recommended that these specifications be 
~ revised by the addition of a new Section 8 identical with that proposed 
above for inclusion in the Tentative Specifications D 224-35 T, renum- 
bering the subsequent sections accordingly. 
Tentative Specifications for Asphalt Roofing Surfaced with Coarse Mineral 
Granules (D 249 - 35 T).-It is recommended that these specifications be 
revised as follows and continued as tentative: 
_ Section 7. Change to read as follows by the addition of the italicized 
words and the omission of those in brackets: 
: 7. [Distribution of Coating and Surfacing] Saturation.—The felt shall be com- 
pletely and uniformly saturated, and shall show no unsaturated spots at any point 
“been the roofing is cut or split open] upon cutting strips at random across the entire 
sheet and splitting them open for their full length. 
Tentative Specifications for Asphalt for Use in Constructing Built-Up 
Roof Coverings (D 312-35 T).—It is recommended that these speci- 
fications be revised as follows and continued as tentative: 
Section 3.—Change the table of inclines of decks over concrete and 
_ requirement (z) to read as follows by the addition of the words and figures 
in italics and the omission of those in brackets: 


Type of Roofing 


Mineral Surfaced Unsurfaced 
Flat Flat 


Max. in. | Max. 
lor use on decks having inclines: 
concrete, in. per ft.: 
Without naliing : 16 1.6 


(i) Coarse particles retained on No. 200 sieve as percentage of |ash] ee 
matter insoluble in carbon disulfide, per cent (15] 12 [15] 12 {15 118 


Tentative Specifications for Asphalt Cap Sheet Surfaced with Mineral 

_ Granules (D 371 — 33 T).2—During the past year these specifications have 

been reviewed and modified so as to cover both 45-Ib. and 55-lb. weights 

of cap sheet made on No. 33 and No. 50 felts, respectively. ‘The proposed 

revisions are so extensive as to necessitate a complete rewriting of the 

specifications. It is accordingly recommended that the specifications be 
revised as appended hereto,’ and continued as tentative. 


‘ 
1 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, pp. 990, 986, 983 (1935); also 1936 Book of 
A.S.T.M. Tentative Standards, pp. 823, 819, 812. Ten 
: _ * Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 778 (1933); also 1936 Book of A.S.T.M. Tea 
tative Standards, p. 809. 
See p. 924. 
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eral Tentative Specifications for Creosote for Priming Coat with Coal-Tar 
ns be Pitch in Damp-proofing and Waterproofing Below and Above Ground Level 
Dosed D 43-36 T).—In order to bring these specifications into conformity with 
num- urrent requirements it is recommended that they be revised, as appended 
hereto,? and continued as tentative. 
neral Tentative Methods of Testing Asphalt Roll-Roofing Surfaced with Fine 
ns be Talc, Granular Talc, or Mineral Granules; also Asphalt Shingles Surfaced 
vith Mineral Granules (D 228-33 T).*—These methods have been care- 
cized fully reviewed and a cooperative series of tests have been made by six 
members of Subcommittee IV on Specifications (Including Analytical 
om: Methods) for Membrane Materials, to determine what changes are neces- 
point sary in order to test roofing and shingles conforming to the A.S.T.M. 
entire specifications covering these materials, namely, the Tentative Specifica- 
tions D 224, D 225, D 248, D 249 and D 371. From the results of these 
lt-Up tests and from other criticisms received, modifications of the test pro- 
peci- cedures have been prepared and are incorporated in the completely revised 
methods appended hereto.* As additional changes will probably be made 
- and alter completion of further studies of the various test procedures, the 
pures committee recommends that the methods as revised be continued as 
tentative. 


Tentative Method of Test for Coarse Particles in Mixtures of Asphalt 
and Mineral Matter (D 313-35 T).5—-During the past year, this method 
has been studied in a series of cooperative tests which indicate the de- 


~. sirability of certain revisions. The changes have been incorporated in 
the completely revised method appended hereto,* which is recommended 

Max for publication as tentative to replace the existing method. 
At the request of Committee D-15 on Thermometers and Laboratory 
6 Glassware, Committee D-8 has approved the inclusion of the following 


clause as an editorial change in the requirements for high- and low-distilla- 
tion thermometers: 


For purposes of calibration and certification one or two division markings should 


neral be placed below the zero on the Centigrade scale thermometer. 

have Committee D-8 joins with Committee D-4 on Road and Paving 
ights Materials in recommending that Committee E-1 on Methods of Testing 
osed give consideration to the following changes in the Tentative Method of 
f the Test for Softening Point by Ring-and-Ball Apparatus (E 28 — 36 T): 

1s be 1. To avoid confusion with present Standard Method of Test for Softening Point 


of Bituminous Materials (Ring-and-Ball Method) (D 36-26), change the name of 
the test to read: “Method of Test for Softening Point by Tapered Ring Apparatus.’ 


o! 
'Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 908 (1936); also 1936 Book of A.S.T.M. Ten- 
[. Ten: p. 846. 
ep. 951 


* Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 799 (1933); also 1936 Book of A.S.T.M. Tene 
tative Standards, p. 852. 
ep. 9 
§ Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, 1001 (1935); also 1936 Book of A.S.T.M. Tenta- 
tive 98 p. 850. 
953. 


— 


\ 
\ 
\ 
: \ 
\ 
=) 


Report or Committee D-8 


2. Remove or change the requirement in Section 3 that a sample shall “not ty 
heated more than 30 C. (54 F.) above its softening point, in the case of materials 
having a softening point below 121 C. (250 F.) . . . or more than 50 C. (90 F.) for 

. . materials with softening points above 121 C. (250 F.).” 

The change in Section 3 is suggested since certain asphaltic materials 
require greater differences than these between the softening point and 
pouring temperature. 

The committee further recommends that wide publicity be given to 
the fact that Method E 28 — 36 T is essentially a new method which gives 
somewhat different results from those obtained by the Standard Method 

TABLE I.—ANALYsIS OF LETTER BALLOT VOTE. 


Items 


I, Proposep Tentative STanDARDS 


Method of Test for Sieve Analysis of Granular Mineral Surfacing for Asphalt Roofing and Shingles 

aioe < Test for Sieve Analysis of Non-Granular Mineral Surfacing for Asphalt Roofing and 
Shingles 

for for Damp-proofing and Waterproofing, to replace Specifications D 40 - 
36 T and D 144- 

Specifications for Coal-Tar Pitch for Roofing, Damp- 3 and Waterproofing, to replace 
7 oe D 42-36 T, D 145-36 T, D 200-36 T, 201-36 T, D 251-36 T and 

2 


Proposep Revision or STanpARD 


‘Standard Methods of Testing Felted and Woven Fabrics Saturated with Bituminous Substances 
for Use in Waterproofing and Roofing (D 146 - 27), immediate adoption 


III. Proposep Revision or Tentative STANDARDS 
Specifications for Asphalt Roofing Surfaced with Powdered Tale or Mica (D 224 -35 T) 
Specifications for Asphalt Shingles Surfaced with Coarse Mineral Granules (D 225 - 35 T) 
Specifications for Asphalt Roofing Surfaced with Fine Mineral Granules (D 248 - 35 T) 
Specifications for Asphalt Roofing Surfaced with Coarse Mineral Granules (D 249 - 35 T) 
Specifications for Asphalt for Use in Constructing Built-Up Roof Coverings (D 312-35 T) 
Specifications for Asphalt Cap Sheet Surfaced with Mineral Granules (D 371 - 33 T) 
Specifications for Creosote for Priming Coat with Coal-Tar Pitch in Dampproofing and Water- 
proofing Below and Above Ground Level (D 43 - 36 T 
Methods of Testing Asphalt Roll Roofing Surfaced with Fine Talc, Granular Tale or Mineral 
Granules; also Asphalt Shingles Surfaced with Mineral Granules (D 228 - 33 T). 
Method of Test for Coarse Particles in Mixtures of Asphalt and Mineral Matter (D 313 - 35 T).. 


D 36-26. Committee D-8 does not favor the withdrawal of Standard 
Method D 36-26 nor the adoption as standard of Method E 28 - 36 T 
until these recommendations are adopted and Method E 28-36 T is 
acceptable to the members of the committee. 

The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 58 voting members; 
38 members returned their ballots, with the results shown in Table I. 

ACTIVITIES OF SUBCOMMITTEES 

Subcommitlee IV on (Including Analytical Methods) for 
Membrane Materials (©. Berger, chairman).—During the past year 
this subcommittee has care wt reviewed all of the standards and tenta- 
tive standards for which it had been primarily responsible and as a result 


of its study, has recommended numerous revisions which have been in- 
corporated in this report. 
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{pplication (E. O. Rhodes, chairman).—-This subcommittee is responsible 
or the proposed revision of the Tentative Specifications for Creosote for 
Priming Coat with Coal-Tar Pitch in Damp-proofing and Waterproofing 
low and Above Ground Level (D 43 — 36 T), mentioned above. During 


fethod for Accelerated Weathering Tests on Bituminous Materials! but 


dieved that a description of the cycle now generally used in this test 
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Subcommittee V on Specifications for Bituminous Coatings for Cold 


coming year, it expects to offer revisions of the companion specifications 
sphalt primer (D 41-36 T). ‘The subcommittee is also making a 
al study of methods of determining the consistency of various bitu- 
us coatings for cold application. 
Subcommittee VIII on Accelerated Weathering Tests (O. G. Strieter, 
irman)._-This subcommittee is continuing its study of the Proposed 


sno definite recommendatiors to make at this time. However, it is 


ld be published for information. The proposed change in the weather-— 
:cycle consists in a more effective use of water, which is a very destruc- 
agent in the weathering process. ‘The subcommittee is now gaining 
rience with this modified cycle and hopes to make definite recom- | 
dations at a later date. The proposed cycle is as follows: 


Test Procedure-—The test specimens shall be subjected to a daily weathering | 
consisting of periods of exposure to cold, light, and water, the weathering see 
s as follows: 


Rain exposure for a period of } hr. 
Cold exposure for a period of 13 ¢ hr. 
Light-spray for a period of 4 he. 
Rain exposure for a period of } hr. 
Light exposure for a period of 17 hr. 


¢ holders of the cylinder. For the rain period the lamp shall be raised above the 
der, the latter covered, and the specimens vigorously sprinkled with water by 
ns of a rotary spray which operates at the bottom of the cylinder. 
For the cold-exposure period, the specimens shall be placed in the refrigerator, | 
iously cooled to —10 F. (—23 C.). Fifteen minutes are allowed to change panels 
i the cylinder to the refrigerator and the same time is again allowed after the cold 
od to return the specimens to the cylinder for the light-spray period. 
For the light period the lamp shall be operated with the re volving cylinder. 
ing the light- spray period, the light from the lamp shines on the specimens con- a 
ously while the water, running constantly from the spray at a fixed point, wets 
specimens in the revolving cylinder once every 20 min. 
The temperature at the surfaces of the specimens during the light period shi all 
135 to 145 F. (57 to 63. C.). In the case of the light-spray period the spec imens 
,0f course, be cooled as they pass by the water spray; the specimens shall, how- 
tbe allowed to reach a temperature (warm) of about 140 F. (60 C.) before being 
‘again. (In cold weather, it may be necessary to use warm water for spraying 
Corder to reach such a temperature). Water (2 to 4 in. in depth) shall be kept in 
“tank or sump all the time, the excess water flowing out over the overflow. 
ag wines, Am. Soc. Testing Mats., Vol. 33, Part I, p. 381 (1933). 


For the light, rain, and light-spray exposure period, the specimens shall be placed 
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Subcommitice 1X on Bituminous Emulsions (Lester Kirschbraun, chair 
-man).—This subcommittee has for some time been engaged in formulating 
“tests for emulsions to cover two sets of characteristics, as follows: (1) th 
resistance to water action, and (2) the ability to withstand flow at elevated 
temperatures. Both methods involved the plating out of the emulsion 
under definite conditions and in quantities such as to produce dry residues 
of predetermined film thickness. 

After obtaining dried films on the selected surface, the emulsions were 
tested for resistance to water action by immersion in water for 24 hr, 


TABLE II.—ReESULTS OF COOPERATIVE TESTS ON BrTUMINOUS EMULSIONS, 


; Observations Reported by Cooperating Laboratories 
Bituminous 
Emulsion 

Sample Headley | N. Y. State | Texas Barrett The Flintkote 
Asphalt pt. of Co. Co. Barber Co., Co. 
Co. Public Works Inc. 


Resistance to Flow Under Heat 
After 2-hr. Exposure at 176 
F. (80 C.), Emulsion on Steel {| No. 1.......] Severe Flows Flows Flows Flows 
Plates No. 2.......] None Flows Flows* Flows Flows 

_ Sa None None None None None 


Resistance To Water AcTION Arter 24-HR, SUBMERSION 


Emulsion on Steel Plates: 

? Strips Poor Strips Very poor 

Adhesion ‘ai Strips Poor Strips Very poor 
Y i Good Good Good Good 


Good 

Cohesion No. 4 } a 

} Slight 

Re-emulsifies.............. | No. } 


Emulsion on Tile Base: 7 

Good 

Adhesion No. "ai } Very poor 
lo. 3 ‘ai Good 


Cohesion 
o Test 
No 
No 

No Test 


Re-emulsifies.............. 


@ When “thoroughly dry,” slight sagging. 
’No re-emulsification but needle revealed unbroken emulsion underneath which re-emulsified on further soaking. 
© Emulsion cracked. 


followed by physical examination of the film. A similarly prepared dried 
film which had been plated on steel was subjected to a temperature of 
176 F. (80 C.) for 2 hr. in accordance with the test for behavior on heating 
as described in Section 17 of the Tentative Methods of Testing Asphalt 
Roll-Roofing Surfaced with Fine Talc, Granular Talc or Mineral Granules; 
also Asphalt Shingles Surfaced with Mineral Granules (D 228 - 33 T); 
__ and observed for flow of the emulsion. 
4 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 799 (1933); also 1936 Book of A.S.T.M. Ten 


tative Standards, p. 852. 
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hai LE [I].—RESULTs OF COOPERATIVE TEST STUDIES OF THE ProposEeD MetHop OF TEST 
Nalr- FOR SIEVE ANALYSIS OF GRANULAR MINERAL SURFACING FOR ASPHALT ROOFING 
ating AND SHINGLES. 

the 
vated 
Ision 
dues Green Ceramic Roorinc GRANULES 


Retained on U.S. Standard Sieve 
Passing 


a eaiitcatainiocrntnas No. 12| No. 16 | No. 20 | No. 30 | No. 40 | No. 70 


esota Mining and Mfg. Co........ Analysis... ... 


were Commercial Analysis...... 
esota Mining and Mfg. Co.......... Second Analysis 


S 


esota Mining and Mfg. Co {Chat Analysis....... 


Minnesota Mining and Mfg. Co..........5 Second Analysis 


O 


Minto and C First Analysis. 
esota Mining and Mfg. Co Cheek Analysis 


J, Funkhouser and Co..............-- Analysis 


esota Mining and Mfg. Co Second Analysis 


ntkote 
Co. Check Analysis 


We 


cooceo 


First Analysis 

Minnesota Mining and Mfg Cheek, Analysis 
irst Analysis 


finnesota Mining and Mfg. C 


Nor 


First Analysis........ 
panota Mining and Mfg. Check Analysis....... 
First Analysis 
ip Carey Mfg. Co...!............. 4 Second Analysis 
Mini Mfg. na ysis 
nesota Mining and Mfg Glia. 


coocoeceo 


Minnesota Mining and Mfg. 


: Barber Co., Inc F irst Analysis. 


OS 
cover 


a slightly Minnesota Mini First Analysis 
Mining and Mfg. Anal Analysis 
1006 


OM 


Minnesota Mining and Mfg. C 


Mir ini . { First Analysis 
Mining and Mfg. Chom Analysis....... 
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On account of the variety of surfaces to which emulsions might } 
applied in service, it was desired to select a plating surface other tha 
TABLE IV.—REsuLTs OF CoorpeERATIVE TEST STUDIES OF THE PROPOSED METHOD oF Test 
FOR SIEVE ANALYSIS OF NON-GRANULAR MINERAL SURFACING FOR ASPHALT Rooriyc 


AND SHINGLES. 


Retained on U.S. Standard Sieve 
; Passing Passing| Loss | ing 
Cooperating Laboratories _ | Sieve | Sieve | and | Time, 
No | No.| No.| No.| No. | No. | No. | No.|No. 200) Error | mir 
; 20 | 30 | 40 | 50 | 60 | 70 | 80 | 100/ 200 
Coarse MIca 
| 
The Barber Co,, Inc,.... { First Analysis. ...| 6.7]....] 4.8 
{ Cheek Analysis...| 6.5|....| 5.0 
Analysis. ...| 5.21... 4.0 3 
Bird and Son, Inc........ | Cheek Analysis...| 4.5]... 4.7 
{ First Analysis. ...| .|11.6 6.1)....] 4.9 3 
Philip Carey Mfg. Co.... Analysis. .| 11.8 §.9}.. 4.7 0.7) 3 
Third Analysis....| 6.0}. 4.8 0.5] 3 
J. Funkt { Analysis (Wayne). 8.0)....| 8.3] 2.5]....] 4.6 0.2) 6 
t. J. Funkhouser and Co. | Analysis (Delta). .| 4.0]19.3/29.5|22.2| 4.4]....].... [15.2]. 5.4 3.0] 60 
Fine Mica 
Phe Barbe Inc..... { First Analysis....]....} 0.8) 0.6] 6.4 14.0)... .|16.5}24.7 37.0 60 
The Barber Co., Inc 0.7] 0.7| 6.0)... [13.8]... .116.6]25.4 36.8 
0.3] 0.4] 6.8 14.4]... .|16.2|26.7 35.2 3.1) 70 
Son, Inc........ { First Analysis....]....| 0.3} 0.2] 8.0 16.6)... .}17.1)33.5 24.3 60 
Bird and Son, Inc Cheek Analysis...|....| 0.4] 7.6 16.7|... .|16.6/32.5 25.8 60 
{ First Analysis....}....| 0.3} 0.5] 5.6 115.9]... .|18.2/26.8 $2.7 0.3) 6 
Philip Carey Mfg. Co.... 4 Second Analysis. .|....| 0.3} 0.6] 5.7 15.1 18 .3|27.2 32.8 0.9) 
| Third Analysis....|....| 0.3| 0.6| 5.9 14.9 18.3|27.8 32.5 | 0.5] @ 
h Co. f Analysis (Wayne). 0.2) 0.1] 5.5) ... 33.8 0.7 | 105 
R. J. Funkhouser and Co. | (Delta)..|....| 0.6] 0.6] 7.5| | 343 | 0.6] 
Tatc Fiour 
The Barber Co., Inc..... { First 0.0)....] O.1]....] 0.3] 2.6) ... | 97.0 
Whe Becher Co.. ing...... | | 0.1 0.2)2.5| ... | 97.2 | ... | 30 
Barrett Co................Amalysis.......... 0.0) 0.0] 0.0]....] 0.0 0.1] 5.1) ... | 94.8 40 
{ First Analysis....]....]....]....] 0.0]....| 0.0]....] 0.2] 7.4 92.4 
and Sen, \ Check 0.0}... 0.0}... 0.2] 6.4 93.4 | ... | 100 
First Analysis....|....| 0.0) 0.0] 0.0]. OR 96.0 1.1} 40 
Philip Carey Mfg. Co.... 4 Second Analysis 0.0) 0.0) 0.0 .| 0.3) 4.0 95.6 40 
Third Analysis....|....] 0.0] 0.0] 0.0 0.1 0.2) 4.4 95.3 0.7 | 40 
R. J. Funkhouser and Co, { Analysis (Wayne).|....| 0.0} 0.0] 0.0] 9.1]....| 0.1] 0.1] 4.8 94.9 0.1) 
0.0) 0.0) 0 0 0.0) 45 9.5 | 1.0| # 


steel which might afford a suitable base for test applications in the labora- 
tory. <A standard grade of unfired ceramic tile was obtained for this pur- 
pose and was used in these cooperative tests. 

The observations reported by the cooperating laboratories, as given 
in Table II, appear to be reasonably concordant, and it is believed that 
after some further discussion and consideration the subcommittee will be 
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able to formulate a final report. At a meeting on June 28, Committee D-8 

ordered to letter ballot, a new proposed Tentative Method of ‘Testing Films 

Deposited from Bituminous Emulsions which, if approved, will be sub- 

mitted to Committee E-10 on Standards for publication as tentative by 
Socicty.' 

Subcommiltee XII on Tests for Mineral Surfacing Materials (H. W. 
Greider, chairman).—In connection with the two proposed ‘Tentative 
Methods of Test for Sieve Analysis of Granular and Non-granular Mineral 
surfacing for Asphalt Roofing and Shingles, mentioned earlier in this report, 
subcommittee XII has conducted a series of cooperative tests, the results 

which are presented in the accompanying Tables III and IV. 


This report has been submitted to letter ballot of the committee 
which consists of 58 voting members; 38 members returned their ballots, 
whom 37 have voted affirmatively and none negatively. ; 


Respectfully submitted on behalf of the committee, 


J. M. WEIss, 


Chairman. 
Prevost HuBBARD, 


Secretary. 


1 See Editorial Note below. 


EpiroriAL Nore 


Subsequent to the annual meeting Committee D-8 on Bituminous Waterproofing 
nd Roofing Materials presented to the Society through Committee E-10 on Standards 
roposed ‘Tentative Methods of Testing Films Deposited from Bituminous Emulsions. 
nese methods were accepted by Committee E-10 on August 26, 1937, and appear 

p. 955. 
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REPORT OF COMMITTEE D-9 
ON 
ELECTRICAL INSULATING MATERIALS 


Committee D-9 on Electrical Insulating Materials held two meetings 
during the year and will hold a third during the annual meeting of the 
Society in June at New York, N. Y. The meetings were held in October, 
1936, and February, 1937, with an average attendance of 52 members and 
30 visitors. At these meetings considerable progress was made in the work 
which has been pending before the committee and several projects have 
reached the stage where definite recommendations were made resulting in 
additions or changes in the standards for which Committee D-9 is respon- 
sible. There are also a number of other projects still under way which 
are mentioned briefly later in this report. 


RECOMMENDATIONS AFFECTING STANDARDS 


As a result of the year’s work, the committee is submitting tentative 
revisions of two existing standards and is recommending revisions of seven 
tentative standards. ‘The adoption of a tentative revision in one standard 
is also recommended. ‘The recommendations being presented are included 
in detail in Appendix I, each being accompanied by a brief explanation of 
the reason for the proposed revision together with data indicating the 
scope of the investigations substantiating the recommendations. The 
standards affected by these revisions are listed in the following table. 

These recommendations have been submitted to letter ballot of the 
committee which consists of 78 voting members; 52 members returned their 
ballots, with the results shown in the following table: 


I. Proposen Tentative Revisions oF STANDARDS 
Methods of Testing Eleetrical Porcelain (D 116 - 34) j 
Methods of Test for Resistivity of Insulating Materials (D 257 - 33) 


II. Vrorosep Revisions or Tentative STANDARDS 
Me = Testing Solid Filling and Treating Compounds Used for Electrical Insulation (D 176 - 


Methods of Testing Sheet and Plate Materials Used in Electrical Insulation (D 229-36 T) 

wietiets of — Varnished Cloths and Varnished Cloth Tapes Used in Electrical Insulation 
) 295 - 36 T) 

Methods of Testing Flexible Varnished Tubing Used for Electrical Insulation (D 350 - 35 T) 

Methods of Testing Shellac Used for Electrical Insulation (D 411-35 T) 

Specifications for Flexible Varnished Tubing Used in Electrical Insulation (D 372-35 T) 

Spe yey Black Bias-Cut Varnished Cloth Tape Used for Electrical Insulation 

6 


III. Apoption or Tentative Revision or STANDARD AS STANDARD 
Methods of Testing Molded Materials Used for Electrical Insulation (D 48 - 33) 


(424) 
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On ELECTRICAL INSULATING MATERIALS 


ACTIVITIES OF SUBCOMMITTEES 


A large part of the work of the subcommittees during the year has 
onsisted in obtaining data and studying results with a view to improving 
the present standards and developing new standards. In any one year only 
a small portion of the work can result in definite recommendations. It is 
felt desirable, therefore, to mention briefly some of the other projects which 
have engaged the attention of the subcommittees, but which as yet have 
not reached the stage where definite standards have resulted. 

A new subcommittee on conditioning has been organized, which brings 
the total number of subcommittees to ten. 

Subcommittee I on Insulating Varnishes, Paints and Lacquers (C. 1] 
Hanson, chairman).—The work on saturant varnish is still active and 
experimental studies will be continued in four laboratories. ‘The work on 
specifying a standard procedure for sampling varnish has been abandoned 
because of lack of interest. The work on definitions for various types of 
varnishes is still in progress. 

Subcommittee II on Molded Insulating Materials (W. A. E-vans, chair- 
man).-The work on shrinkage and standard molds is still in progress. 
The work during the past year indicated that the type of mold affected the 
results. ‘There are now available 800 test bars which will be tested in an 
efiort to establish a standard mold. Work on cure tests, arc-resistance 
test and conditioning has also been in progress. 

Subcommittee III on Plates, Tubes and Rods (Dean Harvey, chairman). 
—In order to determine the necessity for the conditioning of samples before 
testing, a set of 24C0 samples of sheet materials has been prepared. ‘They 
are being tested for impact strength, Reckwell hardness, and power factor 
alter exposure to different degrees of conditioning. Extensive tests of 
sheet materials by the proposed test for arc resistance in four laboratories 
did not give sufficiently consistent results to justify approval and a further 
study is being made. 

The acetone test for determining the degree of cure of laminated 
phenolic products has been outlined and is being given a trial in several 
laboratories. 

A new compound die has been designed for punching sheet material 
and punching quality will be compared with Rockwell B hardness on 
heated specimens to determine whether the Rockwell test will indicate 
punching quality. 

Methods of test for identity of phenolic materials are being prepared 
at the request of the U. S. Navy Department. 

A method for the measurement of the thickness of large sheets is being 
prepared at the reque st of the National Electrical Manufacturers’ 
Association. | 
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In response to an inquiry for a method of test for deterioration due to 
heat, it was decided that a single test for this purpose is not practicabl 
The effect of heat should be determined upon the particular property j 
question. 

Specifications for laminated phenolic materials for radio use have been 
prepared at the request of the Radio Manufacturers’ Association and are 
being submitted to the industry for comments.! 

At the request of the National Electrical Manufacturers’ Association 
consideration will be given to the development of methods of test for 
vulcanized fiber. Methods for determining water absorption and Brinell 
hardness have been outlined and considerable test work has been completed 
but some changes in the methods are necessary. 

Subcommittee IV on Insulating Mineral Oils (EF. A. Snyder, chairman). 
Subcommittee IV has prepared a revision of the Proposed Method of Test 
for Neutralization Number of Petroleum Products and Lubricants (Poten- 
tiometric Method) published as information last year.2 The revised method 
is being studied by members of the subcommittee but is not ready for 
presentation as tentative. 

The work on life test of oils has been outlined to include studies of 
oxidation tests in the presence of catalysts. The program is rather lengthy 
and will require considerable time before a final report can be made. The 
work on power factor and dielectric constant has been somewhat delayed 
due to the fact that the test cell being purchased through the Research 
Fund of the Society has not been delivered. 

Other work in progress includes methods for gas content of oil, power 
factor of treated paper and a study of the dielectric strength test procedure. 
The subcommittee has also been active in translating and abstracting 
papers received from the International Electrochemical Commission and 
also comments and discussions received from abroad on the paper presented 
at the 1936 annual meeting entitled, “Testing for Sludge Formation in 
Mineral Transformer Oil.’’ 

Subcommittee V on Ceramic Products (Porcelain, Glass, etc.) (L. E. 
Barringer, chairman).—Subcommittee V has been unusually active during 
the past year. Attention was given to the criticisms of the Standard 
Methods of Testing Electrical Porcelain (D 116-34) received when the 
methods were presented to the American Standards Association. It is 
believed that these items have been cleared up in the revision being recom- 
mended as tentative as given in Appendix I. ‘The subcommittee has also 
considered methods for testing titania bodies having high dielectric constant 
and low power factor, and also steatitic bodies. For the present it is felt 
that the test procedures covered in Methods D 116 will apply. 


_! Subsequent to the annual meeting Committee D-9 presented these specifications as tentative to the 
Society through Committee E-10 on Standards, see Editorial Note, p. 429.—Eb. 

® Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 409 (1936). — dings 

* F. M. Clark and E. A. Snyder, “Testing for Sludge Formation in Mineral Transformer Oil,” Proceedings, 


Am. | Soc. Testing Mats., Vol. 36, Part II, p. (1936). 
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On ELECTRICAL INSULATING MATERIALS 


The Section on Glass presented a report at the meeting in February, 
1937. Due to the establishment by the Society of a standing committee 
on glass, this section arranged to cooperate and will continue as the unit 
for developing test methods for glass when used as electrical insulation.' 

Subcommittee VI on Solid Filling and Treating Compound (M. F. 
Skinker, chairman).—-Subcommittee VI investigated the dielectric strength 
procedure for filling and treating compounds as a result of some criticism 
of the method. Slight changes in the test have been completed and the 
revised procedure is being recommended for inclusion in the Tentative 
Methods of Testing Solid Filling and Treating Compounds Used for Elec- 
trical Insulation (D 176 — 36 T), as given in Appendix I. 

Subcommittee VII on Electrical Tests (J. A. Scott, chairman).—Last 
year this subcommittee presented a completely revised method for measure- 
ment of power factor and dielectric constant. ‘This year it has presented 
a complete revision, appended hereto,? of the Standard Methods of Test 
for Resistivity of Insulating Materials (D 257-33) for publication as 
tentative as explained in Appendix I. 

The oil cell being purchased through the Research Fund of the Society 
was not delivered in time to circulate it in the subcommittee for round- 
robin tests. ‘The work on power factor of solid insulation is in progress 
and five laboratories have completed their measurements. ‘There is now 
under way a complete revision of the method of test for dielectric strength. 
This work will include all of the test procedures now described in the 
standard methods under the jurisdiction of Committee D-9. 

Subcommittee VIII on Insulating Papers and Fabrics (Treated and 
Untreated) (R. W. Chadbourn, chairman).—The Section on Paper is con- 
tinuing its examination of various methods of acid extraction from insulat- 
ing papers. A new method, involving extraction by cold water, is now being 
investigated. In the study of oil penetration, the effects of many variables 
have been determined and a comparative examination has been made of 
several types of test apparatus. ‘The section is also reviewing the procedure 
for determining tensile strength described in the A.S.T.M. Tentative 
Methods of Testing Untreated Paper Used in Electrical Insulation (D 202 - 
36 T) and the Technical Association of the Pulp and Paper Industry’s 
method for tensile strength with a view not only to improving and bringing 
up to date the A.S.T.M. method but also to bringing the two methods into 
closer agreement, if possible. 

The Section on Thickness is studying the use of the dial type and also 
in improved machinist’s type of micrometer. In this improved type, the 
pressure on the test specimen can be accurately controlled. 

__ The Section on Fabrics is continuing to accumulate data on the effect 
ot humidity and elongation on the dielectric strength of varnished cloth 
" *Subsequent to the annual meeting Committee D-9 presented these methods as tentative to the Society 


tough Committee E-10 on Standards, see Editorial Note, p. 429.—Eb. 


to 
in 

ch 1% 
ire . 
on 
for 
ell 
ed 
est 
n- 
od 
for 
of 
hy 
he 
ed 
ch 
yer 
re. 
ng 
nd 
ed 
in 
E. 
ng 
ud 
he a 
is 
Iso 
unt 
elt 
the 
ngs, 


428 : REPORT OF COMMITTEE D-9 


tapes. Joint consideration of the step-by-step dielectric strength test 
method by groups representing Subcommittee VIII and the Insulated 
Power Cable Engineers’ Association has been arranged with a view to 
eliminating present differences in test standards. 

Subcommittee IX on Mica Products (M. P. Davis, chairman) .—Sub- 
committee IX has the samples of natural mica which are to be used for 
power-factor tests ready for distribution. The problem of electrode prep- 
aration has presented some difficulties. Attempts are being made to pre- 
pare color photographs as an aid in the classifications of mica. It is also 
believed that ionization tests may assist in the classification. 

The work on pasted mica has in general dealt with tests on binder con- 
tents and tests for stability under heat and pressure. 

Subcommittee X on Conditioning (Robert Burns, chairman).—This sub- 
committee, which has functioned formerly as a special subcommittee, now 
becomes one of the regular subcommittees. It will continue to serve the 
other subcommittees in supplying information on conditioning methods. 
It also has under consideration the problem of specifying a normal room 
condition which can be economically obtained. ‘The subcommittee is also 
investigating oven equipment for air-drying and baking varnishes. 

Special Subcommittee on Significance of Tests (Dean Harvey, chairman). 
—In the development of suitable statements concerning the significance of 
various tests included in the standards sponsored by Committee D-29, it 
was felt desirable to publish several of the proposals as information only 
in this report and they accordingly appear in Appendix II. These pro- 
posals are being submitted for comment and criticism after which a general 
type of statement can be developed. Ultimately, it is hoped to have state- 
ments covering most of the methods of test for electrical insulating materials, 
which should enable the users readily to appreciate the purpose and limi- 
tations of the various tests. 


This report has been submitted to letter ballot of the committee, 
which consists of 78 voting members; 52 members returned their ballots, 


of whom 49 have voted affirmatively and none negatively. a 


_ Respectfully submitted on behalf of the committee, 


T. Smith TAYLOR, 
Chairman. 
EK. J. Rutan, 
Secretary. 
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On ELEctTRICAL INSULATING MATERIALS 


EpiroriaAL NOTE 


Subsequent to the annual meeting, Committee D-9 on Electrical Insulating 
\aterials presented to the Society on August 26, 1937, through Committee E-10 on 
standards the following recommendations: 


Proposed Tentative Specifications for Phenolic Laminated Sheet for Radio 
Applications, 


Proposed ‘Tentative Methods of Testing Pin-Type, Lime Giass Insulators, and 
Proposed revision of Tentative Methods of Testing Sheet and Plate Materials 
Used in Electrical Insulation (D 229 — 37 T). 


The above recommendations were accepted by Committee E-10 and appear on 
9. 973; 1008, and 431, respectively. 
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PROPOSED REVISIONS IN STANDARDS FOR ELECTRICAL Mate 


INSULATING MATERIALS catior 
adopt 


In this Appendix are given proposed revisions in certain standard and 
Bessey standards covering electrical insulating materials which are re- 
ferred to earlier in this report. In connection with each title is given the Revis: 
reference to the publication in which the standard appears in its present U 
form. 


Proposed Tentative Revisions of Standards 


Tentative Revision of Standard Methods of Testing Electrical Porcelain (A.S.T.M. 
Designation: D 116 — 34):! 


During the consideration of these methods by the American Standards 
Association for approval as American standard, some criticism was advanced 
h regard to the scope. Accordingly, the following change in these standard 
methods is recommended for publication as a tentative revision: 

Section 1.-Change this section and the Note from their present form: 
namely, 


1. These methods are intended to apply to porcelain and other vitrified ceramic 
materials used in the manufacture of electrical insulating parts. 


Note.—Tests on porcelain are made on unglazed specimens since it is desired to 
determine the strength of the porcelain structure only. ‘Tests have indicated, however, 
‘that the glaze may have an effect on the mechanical strength. In some cases the values 
obtained are higher and in other cases lower than obtained on unglazed specimens. 


to read as follows: 


1. These methods outline procedures for making the various tests described 
_ when they are required for an investigation or examination of porcelain or similar 
vitrified ceramic materials used as electrical insulating mediums. They are not to 
be interpreted as forming test specifications for complete insulators. 


Note.—The glaze on a porcelain object may affect certain properties of the material, 

_ depending not only upon its presence but also upon its thickness and composition. While 

_ the test methods have been written with the intent of applying to unglazed_ specimens, 

they are equally suitable for glazed specimens. ‘The report of test should in all cases 
indicate whether the specimens are glazed or unglazed. 


Tentative Revision of Standard Methods of Test for Resistivity of Insulating 
Materials (A.S.T.M. Designation: D 257 — 33): 


A revision of these methods, based on comments received during past 
_years, has been prepared in which the subject matter has been considerably 


; ! 1936 Book of A.S.T.M. Standards, Part II, p. 1178. aad 
[hid., p. 1203. 
(430) 
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PROPOSED REVISIONS IN INSULATION STANDARDS 


shortened and simplified. The use of shielding to drain off leakage currents 
has been included. ‘The condenser method suitable for higher ranges of 
wsistance of less interest in routine work has been omitted. The changes 
ecommended have been incorporated in the completely revised proposed 
lentative Methods of Test for Insulation Resistance of Electrical Insulating 
Materials, appended hereto,' which the committee recommends for publi- 
cation as a tentative revision and which are intended to replace when 
dopted the present Standard Methods D 257. 


Proposed Revisions of Tentative Standards Oo 


Revision of Tentative Methods of Testing Solid Filling and Treating Compounds — 

Used for Electrical Insulation (A.S.T.M. Designation: D 176 — 36 T):* 

As a result of some recent criticism of the section on diclectric strength, - 
study was made of the present method and two new methods. It was 

nd that the new methods had no advantages to offer if the old method 
s revised to provide for a slightly longer container. Accordingly, a com- 
tely revised dielectric strength test, covering Sections 33 to 38, inclusive, 

and Appendix III of the methods, is appended hereto* and is recommended 
ior inclusion in Methods D 176. This proposed revision answers the criti- 
cism advanced on the present method. 

Revision of Tentative Methods of Testing Sheet and Plate Materials Used in 

Electrical Insulation (A.S.T.M. Designation: D 229 ~ 36 T):* 

At the request of the National Electrical Manufacturers’ Association, 
methods of test have been prepared for density, incombustible material 
etermined by the ash test, zinc chloride and silica. ‘These methods cor-_ 
respond to the procedures which have been in use for these tests. 

A test for flammability has been developed at the request of the U.S. 
Navy Department. ‘The method of test for flammability has been tried of 
three laboratories on grades X, XX and C of laminated phenolic sheet 
aterial, commercial fiber and bone fiber with the following results: 


ribed 
milar TIME REQUIRED FOR IGNITION 
ot to (AVERAGE OF Five Tests), Sec. | 


GRADE LABORATORY | LABORATORY 2 LABORATORY 
106 95 


, 121 112 
erial, 


93 
Bone fiber 
cases 


Three samples of laminated phenolic sheets } in. in thickness = : 
ating erent volatile contents were tested and the volatile content within the 


See p, 1016. 
Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1000 (1936); also 1936 Book of A.S.T.M. Ten-— 
past Standards, p. 871. 
: phese changes have been incorporated in the revised tentative methods, see pp. 997 and 1005.—En. 
ably roceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 990 (1936); also 1936 Book of A.S.T.M. Ten- 
Standards, p. 986. 
, uosequent to the annual meeting additional revisions of these methods were presented to Committee 
“lon Standards, see Editorial Note, p. 429. The revisions have been incorporated in the revised tentative 
ods, see p. 1027.—Ep. 
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‘ranges supplied had little effect on the inflammability as indicated by t 


following data: 
REQUIRED For Ic 
CONTENT, PERK CENT Sec 


Any test for inflammability is essentially a test to classify materials 
rather than to determine fundamental properties, and the results of the 
tests are considered to be reasonably consistent. The two grades of vil- 
canized fiber are not particularly flame resistant and the data regarding 
_ them are included simply to indicate that the method will classify them in 
comparison with other materials. 

The proposed new methods of test for density, ash, zinc chloride, silica 
_and flammability, as appended hereto,! are recommended for inclusion in 
- Methods D 229 as Sections 45 to 56, inclusive. 


Revision of Tentative Methods of Testing Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation (A.S.T.M. Designation: D 295 - 36 T): 
Since power factor has become a criterion for judging insulating 

materials, a demand has arisen for a test applicable to varnished cloths 

and varnished cloth tapes. This is provided for in the proposed method 
of test for power factor and dielectric constant, appended hereto,’ which 

-are recommended for inclusion in Methods D 295 as Sections 25 to 32, 

the section numbering for the remainder of the methods to be changed in 

accordance with the addition of these new sections. 


Electrical Insulation (A.S.T.M. Designation: D 350 — 35 T):* 


A number of improvements and revisions in these methods have been 


prepared. Experience has shown that the range of diameter, as now 


_ specified, is insufficient for the larger sizes of varnished tubing. Increases in 
maximum inside diameters are recommended for sizes Nos. 1 to 15, inclusive. 


A smoldering test has been developed since varnished tubing is subject to 
possible injury from the use of soldering irons. Other minor changes in- 
volving amplification of the statement on conditioning, greater detail of 
determination of dimensions, slight alterations in the dielectric strength and 
heat endurance methods are recommended. These proposed revisions have 


been incorporated in the completely revised methods appended hereto.* 


! These changes have been incorporated in the revised tentative methods, see pp. 1038 to 1040. oT te 

2 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1031 (1936); also 1936 Book of A.S.T. 
tative Standards, p. 1016. 


‘hese changes have been incorporated in the revised tentative methods, see p. 1047.— 


tative Standards, p. 1024. 
5 See p. 1056. 


* Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 1080 (1935); also 1936 Book of ASTM. Ten 
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PROPOSED REVISIONS IN INSULATION STANDARDS 


Revision of Tentative Methods of Testing Shellac Used for Electrical Insulation 
(A.S.T.M. Designation: D 411 — 35 T):! 
Active work was started in 1933 to select or develop a suitable test for 
jow of shellac. ‘The program of work consisted of three parts, as follows: 


1. Selection of suitable and adequate apparatus, 


2. Development of proper testing procedure, and 
3. Consideration of sample conditioning. 
erials 


f the At the time this work was started, there were the following three dif- 
f vl. ferent types of apparatus available or in use: 


rding 1. Inclined metal block, 

em in _ 2. V-shaped glass tube, ;;-in. bore, and 
| Straight glass tube, 1-in. bore. 

silica 

on in 


In all of the interlaboratory tests conducted, no less than four grades 
of shellac having extreme ranges in flow were used and no less than five 
laboratories participated. In the earlier trials it was evident that the 
Cloth inclined metal block yielded the least consistent results. In view of the 
6 T): fact that it would be an expensive proposition to cut an accurate flow slot 
ating in the metal block and to determine by experimentation the proper size 
‘loths and location of the heating elements, it was agreed that glass tubes held 


othod much greater possibilities. 
which Although the V-shaped glass tubes require a very simple structure for 
0 32. support, they were found to be less satisfactory than straight glass tubes of 
ed in larger bore because of (1) difficulty in cleaning and (2) non-uniformity of 
heat transfer to specimen. 

The large, straight, glass tubes were already in use in the Victor ap- 
paratus but the supports and accessories for the tubes were rather expensive 
and were subject to variation. ‘Two new designs were therefore constructed. 
Both of these were inexpensive. One of these had greater simplicity but 
: yielded equally reliable results. For this reason, it is illustrated in the 
appendix to the test methods appended hereto. 
sive. Various procedures were tried for determining rate of flow and total 
ct to flow. The procedure as specified was found to be satisfactory and is in 

close agreement with those having been used in the industry. 

The moisture content of shellac has a great effect on flow. After a 
2-yr. study of methods of conditioning samples, it was found that the 
simple practice of exposing the specimen to the laboratory atmosphere for 
24-hr. immediately before testing was more satisfactory than conditioning 
the specimens or samples in desiccators. It appears that the conditioning 
of the samples in an air-conditioned room would be the most satisfactory. 


ed for 


been 
now 


._| Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 1077 (1935); also 1936 Book of A.S.T.M. Ten- 
tative Standards, p. 996. 
See p. 1046. 
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However, since so few laboratories have equipment of this sort, it wa 
considered more practicable to specify the simple expedient stated in th 
test methods. 

The flow property of shellac has been recognized for years as being 
important in many uses of shellac. ‘The difficulty has been to obtain re- 
liable results with the test methods available. It therefore appears that 
the proposed methods, appended hereto,' should be of help to those who are 
interested in manufacturing products in which the flow of shellac is in- 
volved, such as molded products and certain laminated products. 


Revision of Tentative Specifications for Flexible Varnished Tubing Used in Elec- 
trical Insulation (A.S.T.M. Designation: D 372 — 35 T):? 


In order to bring the requirements for the test rod and the table of 
inside diameters into agreement with the revisions being submitted in the 
Tentative Methods of ‘Testing Flexible Varnished Tubing Used for Electrical 
Insulation (D 350-35 T), as given earlier in this report, the following 
revisions are recommended: 

Section 4.—Change the table of inside diameters, appearing in this 
section, from its present form to read the same as the table given in Section 4 
of the revised ‘Tentative Methods D 350.' 


Section 6.—Change this section to read as follows by the addition of 
the italicized words and the omission of those in brackets: 


6. The number of hours of baking in the heat endurance test at which first 
cracking of the tubing occurs when bent through 180 deg. over [a rod 0.32 cm. ({ in.) 
in diameter] the rod specified in Section 13 of the Tentative Methods of Testing Flexible 
Varnished Tubing Used for Electrical Insulation (A.S.T.M. Designation: D 350- 
37 T) of the American Society for Testing Materials, shall be not less than the following: 


Grade C 


Revision of Tentative Specifications for Black Bias-Cut Varnished Cloth Tape 
Used for Electrical Insulation (A.S.T.M. Designation: D 373 - 36 T): 


Experience has shown that sewed-seam tapes will not meet the re- 
quirements of these specifications. It is accordingly recommended that 
the following changes, providing for the deletion of all references to such 
tapes, be made in these specifications: 

Section 1.-—Change this section to read as follows by the omission of 
the words in brackets: 


1 These changes have been incorporated in the revised tentative methods, see p. 1041.—Ep. 
_ 2 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 1003 (1935); also 1936 Book of A.5. T.M. Ten- 
tative Standards, p. 868. 
3See p. 1057. 
4See p. 1059. 
_ § Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 912 (1936); also 1936 Book of A.S.T.M. Ten- 
tative Standards, p. 862. 
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1. These specifications cover black seamless [and sewed-seam] bias-cut varnished 
cloth tapes 7 to 12 mils in thickness to be used for insulating bus bars, joints and 
terminals of electric wires and cables, and other electrical apparatus connections. 


Note.—Change the Note under Section 1 by the omission of the second 
item, which reads as follows: 


Whether seamless or sewed-seam tapes are desired (Sections 4 and 5). 


Section 4.—Change this section to read as follows by the omission of 
the words in brackets: 


4, Splices are those joints made by the manufacturer of the untreated cloth. 
In the case of seamless bias-cut tapes] Splices shall not occur more than once in 
each roll, except that rolls having a length of 6 yd. or less shall contain no splices. 


Section 5.—Omit this section, which reads as follows, renumbering the 
subsequent sections accordingly: 


5. Seams are those joints made during or subsequent to the varnish treatment 
of the cloth. In the case of sewed-seam bias-cut tapes, seams shall not occur more 
than once in each 45 in. of length. 


Section 12.—Change Paragraph (0) of this section to read as follows 
by the omission of the words in brackets: 


(6) The tensile breaking strength of the “jointed selvages”’ [in the case of seam- 
s bias-cut tapes,] shall not be less than 80 per cent of the values specified in Para- 
graph (a). 


Omit Paragraph (c) of this section, which reads as follows: oe 


(c) The tensile breaking strength of the “‘seams,” in the case of sewed-seam 
bias-cut tapes, shall not be less than 60 per cent of the values specified in Paragraph (a). 


Adoption of Tentative Revision of Standard as Standard 


Adoption of Tentative Revision in Standard Methods of Testing Molded Ma- 
terials Used for Electrical Insulation (A.S.T.M. Designation: D 48 — 33):! 


The pending tentative revisions? of these standard methods are rec- 
ommended for adoption as standard. Since certain of these revisions 
have been published for less than a year the committee asks for the 
necessary nine-tenths vote at the annual meeting in order that they may 
be referred to letter ballot of the Society for immediate adoption. 


‘1936 Book of A.S.T.M. Standards, Part IT, p. 1192. 


* Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1204 (1936); also 1936 Book of A.S.T.M. Ten- 
tative Standards, p. 1342. 
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APPENDIX 


SIGNIFICANCE OF TESTS OF ELECTRICAL INSULATING MATERIALS 
SIGNIFICANCE OF THE DIELECTRIC STRENGTH TEST 


By DEAN Harvey! 
Scope of Methods: 
The Tentative Methods of Testing Sheet, Tape, and Molded Insulating 
Materials for Dielectric Strength (D 149 — 36 T)? cover the determination 
of the dielectric strength of these classes of materials. In general, a some- 


what similar procedure is followed for the testing of other materials, which 
tests appear in the following: 


D 69-36 T. Tentative Specifications and Tests for Friction Tape for General 
Use for Electrical Purposes? 

D 115-36 T. Tentative Methods of Testing Varnishes Used for Electrical 
Insulation? 

D 116 - 34. Standard Methods of Testing Electrical Porcelain.* 

D 117 - 36. Standard Methods of Testing Electrical Insulating Oils* 

D 119-35 T. Tentative Specifications and Tests for Rubber Insulating Tapet 

D 176-37 T. Tentative Methods of Testing Solid Filling and Treating Com- 

pounds Used for Electrical Insulation 

D 348-35 T. Tentative Methods of Testing Laminated Tubes Used in Elec- 

trical Insulation‘ 

D 349-35 T. Tentative Methods of Testing Laminated Round Rods Used in 

Electrical Insulation‘ 
D 350-37 T. Tentative Methods of Testing Flexible Varnished Tubing Used 
for Electrical Insulation® 
Synopsis: 

The dielectric strength of an insulating material may be defined as 
the voltage gradient at which electrical failure or breakdown occurs. It 
is obtained, for practical purposes, by dividing the breakdown voltage by 
the thickness of the dielectric between the test electrodes, regardless of 
whether this value corresponds to the actual maximum voltage gradient 
that may exist such as at the edges of electrodes or at points of maximum 


gradient in a non-uniform field. It is thus analogous to the term tensile 
strength as used in mechanical testing. 


The test values for dielectric strength of an electrical insulating mate- 


1 Materials Engineer, Westinghouse Electric and Manufacturing Co., East Pittsburgh, Pa. " k of 
2 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, pp. 918, 1059, 1039 (1936); also 1937 Book o 
A.S.T.M. Tentative Standards, pp. 1002, 1195, 1167. 
3 1936 Book of A.S.T.M. Standards, Part II, pp. 1178, 1167. k of 
4 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, pp. 1110, 1030, 1026 (1935); also 1937 Boo 
A.S.T.M. Tentative Standards, pp. 1201, 1033, 1029. 
6 See p. 1056. 
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material, the form and size of the electrodes, the time of application of the 
voltage, the frequency and wave shape of the voltage, the temperature, 
and the surrounding medium. 

Hence, it usually is not practicable to determine a value for the dielec- 
ric strength by means of a laboratory test which will apply accurately 
under service conditions. Definite numerical values for dielectric strength 
are needed, however, for specification purposes in the purchase of materials, 
jor comparison of different materials, and for use in design. 

When purchasing a material, it is not possible to specify the dielectric 
strength for the various conditions under which it is to be used, and, there- 
fore, a standard set of procedures is specified to insure the desired quality. 
The same procedure is followed in comparing different materials. 

In making application of materials in design, it must be remembered 7 


that the values for dielectric strength determined by the standard pro- 
= 1700 


ial vary, to an extent not generally appreciated, with the thickness of the 


v. per m 


500 


£ 
= 
o 
= 
= 
Q 


2 3 4 5 
Time, min. 


G, 1—Effect of Rate of Increase of Voltage on Dielectric Strength of Black Varnished © 
Cambric. 
(Tests made with A.S.T.M. 2-in. flat electrodes with edges rounded to }-in. radius.) 


cedure will not correspond to those obtained in service unless the con- 
ditions of test are the same. As this is not often the case, the test values 
‘or dielectric strength usually give only some indication of insulation 
quality under service conditions. 

A brief review of some of the principal factors affecting the values of | 
lidectric strength obtained in test will indicate causes of variation. 


Effect of Conditions on Dielectric Strength Tests: 
_ Effect of Time.—The failure of insulation under electrical stress may be ~ 
ué to one or more of the following causes: 
1. Generation of heat within insulation, due to absorption of energy, 
2. Chemical action, producing oxygen, etc., by ionization of the i 
lowering the resistivity with increase in energy loss, and 
__3. Mechanical disruption, due to stresses set up by the electrostatic 
ield, or to gases suddenly produced within the material. 
The first two of these are progressive and involve the element of time. 
Rate of Application of Voltage.—The dielectric strength of insulating 
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_ materials varies greatly with the rate of application of the voltage, that i, 
the more rapid the increase in voltage, the higher will be the breakdowy 
voltage. ‘This is illustrated by typical curves shown in Fig. 1. Three 
_ standard methods for the application of voltage are in general use: 
A. The Short-Time Dielectric Strength Test in which the voltage 
is increased uniformly to breakdown at a specified rate. 
B. The One-Minute Step- by-Step Dielectric Strength Test in which 
_ the voltage is held for 1 min. at a selected starting voltage followed by 
l-min. steps at higher voltages, increasing successively by regular in- 
crements, and 
C. The Endurance or Long-Time Dielectric Strength Test in which 
the voltage is held either until failure or for a definitely long period of 
time, followed by equal periods of time at higher voltages, increasing suc- 


1400 


0.125-in. Thick Hard Rubber 
pe 


Dielectric Strength, v. per mil 


+S 


| 2 3 4 5 6 7 8 
Diameter of Electrodes, in. 


Fic. 2.—Relation of Dielectric Strength to Area of Electrodes for Varnished Cambric and 
Hard Rubber. 


_ cessively by regular increments. A 30-min. endurance time is the standard 
procedure in materials testing on taped samples of varnished cloth, and 
5 min., 15 min. and longer time periods up to 8 hr. or more in cable practice. 

The short-time test does not give as good an indication as does the 
step-by-step test of what the dielectric strength will be when the voltage 
is applied for a long period of time. 

Effect of Electrodes.—The dielectric strength decreases with increas¢ 
in the diameter of the electrode, this condition being most pronounced 
with thin sheets and negligible with thick sheets, as illustrated by typical 
curves in Fig. 2 . Electrodes 2 in. in diameter with corners rounded to 4 
radius of } in., thus having an effective diameter of 1} in. were selected a 
a compromise. They provide tests near enough to the flat portion of the 
curve to avoid large variations in tests and yet small enough not to require 
an excessive amount of material for test. For narrow specimens, electrodes 
} in. in diameter with corners having -in. radius are used since they give 
higher test values than the 2-in. electrodes. 
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Thickness of Specimen.—In general, the dielectric strength per unit 
thickness of specimen decreases with increase in thickness, being pro- 
portional to the two-thirds to three-quarters power of the thickness. 

Frequency.—While the dielectric strength decreases with increase in 
frequency, the increase over the range up to 100 cycles is very small and 
may be considered negligible. When materials are to be used at audio 

r radio frequencies, the dielectric strength should be determined at the 
frequency to be used. The dielectric strength at radio frequencies may be 
oily a very small fraction, ranging from 10 to 20 per cent of that at 60 
cycles. 

 Temperature—In general, the dielectric strength decreases with 
increase in temperature, but the extent to which this occurs varies greatly 
with different materials. When materials are to be used at other than room 
temperature, their dielectric strength should be determined over their 
operating range of temperature. If this range is considerable, tests should 
bemade at not less than four different temperatures, including the maximum 
and the minimum and a curve plotted of volts per mil versus temperature. 

Conditioning.—The dielectric strength of electrical insulating materials 
is considerably affected by the presence of moisture in the materials. It is, 
therefore, necessary to condition materials that adsorb moisture. Methods 

i conditioning are being studied by Committee D-9. 


_ SIGNIFICANCE OF THE RESISTIVITY TEST 
By H. L. Curtis! 


yynopsis: 

Resistivity is that property of a material which determines its suit- 
ability for use as an insulator. If the suitability of an insulating material 
ior a particular application is to be investigated, the surface resistivity as 
well as the volume resistivity may be required. If the material absorbs 
moisture, its suitability as an insulator cannot usually be determined by 
resistivity measurements. For such absorbent materials measurements 
are made of the insulation resistance on a specimen in a form similar to 
that which is to be used in the application so that it can be subjected to 
the same conditions as will be encountered in service. 
unced Swope of Methods: 
pica The Standard Methods of T est for Resistivity of Insulating Materials 
1 toa D 257 - 33)? cover the determination of surface resistivity and volume 
mar resistivity of both solid and liquid insulating materials. A proposed 
: & the revision of this method, issued in the form of Tentative Methods of Test 
equire ” Insulation Resistance of Electrical Insulating Materials (D 257 -37 T),? 
seals covers the determination of insulation and volume resistance and ap- 
y give proximate surface resistance of electrical insulating materials; also means 
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of converting the latter two into terms of volume and surface resistivitie 
Resistivity of Insulators: 
An electrical insulating material is ordinarily defined as a material 
_ which has a high resistivity. Hence, a measurement of the resistivity o{ 
a material is necessary to determine whether it is an insulator. From 
this point of view, resistivity is the most fundamental quality of a materia] 
to be used as an insulator. If the volume resistivity of a material is les 
than one megohm-centimeter, it will not normally be considered an insulat- 
ing material. However, the resistivity of most insulating materials js 
_ very much higher than the above minimum. Approximate values for 
; _ some common materials are given in Table I. 


TABLE I.—VOLUME RESISTIVITIES OF SOME COMMON SOLID INSULATORS, 
MATERIAL VoL_uME R&SISTIVITY, MEGOHM-CENTIMETERS 


50 000 000 000 

5 000 000 000 000 


Resistivity Measurement: 

The resistivity of a material is defined as the reciprocal of the current 
_ between two electrodes placed on opposite faces of a centimeter cube of 
_ the material when there is unit potential difference between the electrodes, 
provided the current distribution is uniform throughout the cube, and 
the time of application of the voltage has been sufficiently long so that the 
current is constant. It is sometimes desirable to designate the resistivity, 
defined in this manner, as the volume resistivity in order to distinguish it 
from cases in which the current distribution is not uniform. While defined 
in terms of a centimeter cube, actual measurements are generally made on 
specimens of such size and shape that a guard ring can be employed to 
insure that the measured current is in the body of the material. 

The extreme case of lack of uniformity of current distribution occurs 
in some solids in which the current between the electrodes, on the opposite 
faces of a cube of the solid, is practically confined to a thin layer on the 
surface. This surface layer is generally water which has been adsorbed 
from the moisture of the surrounding air, and which may have a 0on- 
ductivity many millions of times that of the solid insulation. For those 
materials in which the current through the surface film can be considered 
independently of the current through the body of the material, the resist- 
ance between two opposite edges of a square of the surface film is called 
the surface resistivity. ; 

In the more general case, the current distribution over a cross-section 
of a cube of finite size having electrodes on opposite faces is an unknown 
function of the distance from the surface of the cube. In such a case there 
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is no possibility of using measurements of resistance between one set of 
electrodes attached to a sample to predict the value of the resistance 
between electrodes of a decidedly different form and size which are attached 
to the same sample. Since the resistivity cannot be determined for mate- 
rials in which the current distribution conforms to this general case, the 
insulation resistance of a specimen of some arbitrarily selected size and 
shape is measured. This may serve to differentiate between materials 
but does not give a measure of resistivity. 


Vities, 


ateria| 
ity of 
From 
iterial 
is less 
sulat- 
als js Surface Resistivity: 

The surface resistivity of a material is determined by the films of 
water, oil or other liquid on the surface; of these the water films are of 
greatest importance. For most applications, the surface will be exposed 
to the air, and hence, for all materials except the waxy ones, moisture from 
the air will be adsorbed on the surface, the amount depending on the rela- 
tive humidity. The atmospheric moisture dissolves some of the salts 
which are always present on any surface that has not been recently cleaned, 


TABLE II -—SURF ACE RESISTIVITIES OF SOME COMMON SOLID INSULATORS. 
SuRFACE RESISTIVITY, MEGOHMS 


AT 25 PER CENT At 90 PERCENT 
MATERIAL RELATIVE HuMIDITY RELATIVE HuMIDITY 


irrent Ivory 10 000 50 
be of Celluloid 100 000 1 000 
} 100 000 


rodes, z 100 000 000 

and 1 000 000 000 : 100 000 
, Fused quartz 1 000 000 000 100 
it the Ceresin 100 000 000 000 100 000 000 000 


st thus making a conducting layer on the surface of the insulator. The 
‘fined thickness of this film depends on the humidity of the surrounding air, and 
consequently the surface resistivity varies with the humidity. This is 
illustrated by the values given in Table II for the same materials for which 
the volume resistivity has been given. At 25 per cent relative humidity 
there is very little surface film so that the surface resistivity is high and 
its measurement is difficult with materials having a low volume resistivity. 
1 the At 90 per cent relative humidity the surface films are relatively thick, so 
sileal that the surface resistivities are readily determined. It will be seen that 
a material which has a high volume resistivity does not necessarily have a 
high surface resistivity. 


de on 
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con- 
those 
dered Volume Resistivity of Liquids: 
esist- The volume resistivity of any insulating liquid which has been care- 
-alled fully purified is very high. However, most commercial liquids have suf- 
ficient dissolved water to lower the resistivity appreciably. A value of 
ction 100,000,000 megohm-centimeters is about as high as is found in trans- 
nown former oils. There is some indication that the volume resistivity is directly 
there telated to the amount of dissolved water, but the equation for expressing 
this relationship has not been established. | 
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Purpose of Resistivity Measurements: 

Many of the measurements of volume resistivity are made for the 
purpose of judging the uniformity of a material or of estimating the amount 
of impurities in a material. Hence, many specifications state that the 
resistivity shall lie within certain limits or shall not be less than a certain 
amount, although the actual value of the resistivity is of no importance in 
the application for which the material is intended. Such requirements are 
generally based on the experience of the consumer with a particular material, 
but this experience may not be applicable to a different type of material. 

Many of the applications that require values of resistivity for use in 
design formulas call for solid insulators where the leakage current is deter- 
mined by both the volume and surface resistivity. Moreover, it is generally 
essential that the leakage current shall not exceed a certain value even under 
the most unfavorable weather conditions, which are generally considered 
to involve a relative humidity of 90 per cent. For such an application, 
surface resistivity is generally more important than volume resistivity. 
Conditioning: 

Conditioning may be necessary for measuring the resistivity of mate- 
rials that adsorb moisture. Specimens on which surface resistivity is to 
be measured are generally kept for two or three days at a definite tem- 
perature and humidity before the measurements are started. The surface 
resistivity of a material has no meaning unless the humidity of the sur- 
rounding air is stated, and even this may not be sufficient, for surface films 
do not respond quickly to changes in humidity and temperature. Con- : 
ditioning is also required in determining the volume resistivity of materials 
that absorb moisture. Since water penetrates some materials very slowly, 
the volume resistivity of absorbing materials is not usually measured, but 
the insulation resistance determined for a specimen which has been immersed 
in water for some arbitrarily selected period, such as a day, week, or month. 


Precision in Measurement: 

The accuracy required in measurements of resistivity is very small, 
since the values for two samples of the same material generally differ by 
at least 50 per cent and frequently by several hundred per cent. Hence, 
the mechanical dimensions required in calculating the resistivity are easily 
measured, as is also the resistance except when it is very high. Because 
of the ease of measurements, results are frequently given with an accuracy 
of 1 per cent, but there are few cases where more than one significant figure 
has any meaning. ‘The greatest difficulties in determining the resistivities 
of a material are the selection of representative samples of the material, 
and in so attaching electrodes to these samples that the volume and sur 
face resistivities can be independently evaluated. In measuring surface 
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resistivity, the humidity of the surrounding air must be carefully controlled, 
since in some cases a change in relative humidity of 5 per cent may change 
the surface resistivity by a factor of ten. At least two samples should be 
measured for every material to give an idea of its uniformity. 


SIGNIFICANCE OF THE Impact TEST 


By M. P. Davis! 
Scope of Methods: 

The Tentative Methods of Testing Electrical —_oww Materials for 
Resistance to Impact (D 256-34 T)? are intended to cover the deter- 
mination of the relative toughness of electrical insulating materials as 
indicated by the energy used in breaking a standard test specimen in one 
blow. 

The purpose of the notched bar impact test is to show the resistance 
of the material to shock loads. The basic assumption of the test is that 
resistance to shock depends upon the ability of materials rapidly to equalize 
dangerously concentrated stresses by flow or deformation without failure. 
The notch and the speed of test combine to produce a concentration of 
stress aS a test condition. 

There is no known correlation between the various static tests such as 
compression, tension, flexure, etc., and the impact test. Several materials 
may show the same values on static tests (compression, tension, flexure, 
etc.), and from the results, it may be difficult to differentiate between them, 
while the impact test may give decidedly different values. 

For a more complete discussion of this test, reference should also be 
made to the Tentative Methods of Impact Testing of Metallic Materials 
‘A.S.T.M. Designation: E 23 — 34 T)* and the Appendix to these Tentative 
Methods which contains information on the applications of the impact 
test and its relation to service conditions. Information here given applies 
equally to molded materials as it does to metallic materials, with the follow- 
ing exceptions: 

(1) The recommended test specimen for molded materials is } by } in. 
square instead of 10 by 10 mm. square, and 

(2) The notch is the same as the notch used for the metallic test 
specimen, except that for molded materials the notch is 0.100 in. deep. 

Tentative Methods E 23 — 34 T, under Procedure, Section 9 (a) states 
that a machine of 120-f{t-lb. capacity is used for the testing of metallic 
materials. Molded insulation does not require a machine of this capacity 
and it should be tested on a machine of a capacity of approximately 2 ft-lb. 


‘Chief Chemist, Otis Elevator Co., Yonkers, 


¥. 
? Proceedings, Am. Soc. Testing Mats., Vol. Th ‘past I, p. 995 (1934); also 1937 Book of A.S.T.M. Tenta- 
lve Standards, p. 1023. 


7 bvecoodinen Am. Soc. Testing Mats., Vol. 34, Part I, 2 1201 (1934); also 1936 Book of A.S.T.M. 
Tentative Standards, p. 1280, 
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REPORT OF COMMITTEE D-11 
ON 
RUBBER PRODUCTS 


Committee D-11 on Rubber Products has held one meeting during the 
year in addition to the one held at the 1936 annual meeting. ‘This was at 
Chicago, IIl., on March 4, 1937, in connection with the spring group meetings 
of A.S.T.M. committees. 

During the past year the committee has lost two members by death, 
Mr. C. W. Mowry and Mr. J. E. Chapin, both of whom have been closely 
associated with the work of the committee for many years. Their presence 
at meetings and willing cooperation in the work of the committee will be 
greatly missed. Mr. N. J. Thompson has been designated to succeed Mr. 
Mowry, representing the Associated Factory Mutual Fire Insurance Cos. 
In addition, the committee has lost by resignation, Messrs. Frank Zeleny, 
C. B.& Q. R. R.; E. H. Grafton; H. W. Asire, General Motors Corp.; and 
W. R. Marsden, Kelly-Springfield Tire Co. Also, Messrs. Stanley Krall 
and J. E. Partenheimer of the Fisk Rubber Corp. have been replaced by 
Mr. W. J. Geldard. Mr. L. J. DeHolczer, of Jenkins Bros., has been 
replaced by Mr. G. P. Mooshegranz. 

New members who have been added to the committee during the year 
include the following: Messrs Alfred Bellis, John A. Roebling’s Sons Co.; 
D. E. Baker, Montsanto Chemical Co.; H. S. Karch, Lima Cord Sole and 
Heel Co.; W. H. Reynolds, American Instrument Co.; B. J. Barmack, 
Commonwealth Edison Co.; and A. W. Staller, Crescent Insulated Wire 
and Cable Co. 

Additional company representatives have been added as follows: 
Messrs. J. E. McGraw, General Electric Co.; David C. Scott, Jr., Henry L. 
Scott Co.; M. G. Shepard, U. S. Rubber Co.; R. V. Yohe, The B. F. 
Goodrich Co. The representation of the National Electrical Manufacturers 
Association in the committee has also been altered by the designation of 
Mr. E. D. Youmans as principal in place of Mr. C. R. Boggs, and by the 
addition of Mr. E. W. Schwartz. 

At the annual meeting last year organization was authorized of a new 
Subcommittee XXI on Tests of Liquid Rubber Products, including such 
materials as rubber cements and products made from latex or involving 
water dispersions of rubber. Mr. L. M. Freeman has been appointed 


chairman of this subcommittee. 
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In compliance with the new by-laws of the committee, which were 
adopted last year, the Advisory Subcommittee has been reorganized to 
consist of the active officers and four others elected by the committee. 
The members so elected are Messrs. R. A. Schatzel, H. M. Frecker, M. E. 
McDonnell and P. L. Wormeley. 

Subsequent to the 1936 annual meeting the committee presented to 
the Society, through Committee E-10 on Standards, revisions of the Tenta- 
tive Specifications for Insulated Wire and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (D 27 — 35 T) and for Insulated Wire and Cable: 
Performance Rubber Compound (D 353 - 35 T). 

These revisions included principally changes in permissible variations 
in size of conductors, shielding, thickness of insulation and extension of 
the table of the alternating test voltages to include rated circuit voltages 
up to 8000 v., provision for flame-proof finish, and bending diameters in 
the bend test and the moisture absorption test. These revisions were 
thoroughly considered and unanimously approved by the committee and 
are intended to increase the usefulness of the specifications and bring them 
in line with modern practice. The revisions were accepted! by Committee 
E-10 on August 26, 1936, and the specifications in their revised form appear 


in the 1936 Proceedings? 
RECOMMENDATIONS AFFECTING STANDARDS 


[. Proposed Tentative Standards: 

Proposed Tentative Method for Air Pressure Heat Test of Vulcanized 
Rubber.—-This method is the result of the work of Subcommittee XV on 
Life Tests for Rubber Products, and was discussed in the 1936 report* of 
the Committee. Although the procedure which involves subjecting rubber 
specimens to the action of compressed air at elevated temperature is similar 
in many respects to the standard aging tests for rubber, this method can 
hardly be considered to be an aging test suitable for evaluating the life of 
all types of rubber compounds under normal conditions because the temper- 
ature employed, 260 F., is so high as to be in the usual vulcanizing range. 
The method is, therefore, designated as a heat test rather than an aging 
lest and is considered to be very useful for service evaluation of rubber 
compounds designed to resist heat and oxidation. The short time required 
lor securing marked deterioration of vulcanized rubber under the conditions 
of the test adds greatly to the convenience and utility of the method when 
tls necessary to obtain quickly an estimate of the relative stability of 
vulcanized rubber under severe conditions. Tests of this type have come 
into quite general use but heretofore have undergone very little standard- 


ia ey submitting these recommendations to Committee E-10 on Standards, Committee D-11 reported 


= the letter ballot vote as follows: Of a total membership of 83, 36 members returned their ballots, of 
- Fad voted affirmatively, 0 negatively, and 8 members marked their ballots ‘‘not voting.” 
Tooter seaings, Am. Soc, Testing Mats., Vol. 36, Part I, pp. 1065, 1092 (1936); also 1936 Book of A.S.T.M. 
ry Standards, pp. 1059, 1086. 
vocesdings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 488 (1936). 
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ization. The committee accordingly recommends that the proposed 
Tentative Method for Air Pressure Heat Test of Vulcanized Rubber, as 
appended hereto,' be accepted for publication as tentative. 


IT. Proposed Revisions of Tentative Standards: 

The committee is proposing revisions of two tentative methods of test 
and two tentative specifications, as indicated below, and recommends that 
these tentative standards as revised be continued as tentative: 

Tentative Methods of Test for Abrasion Resistance of Rubber Compounds 
(D 394-34 T)2—The following revision in ‘“‘ Method B, E. I. du Pont de 
Nemours and Co. Abrader,” is recommended so that the method will be 
in agreement with generally accepted practice: 

Section 10.—Change the third sentence to read as follows by the addi- 
tion of the italicized words and figure and the omission of those in brackets: 


Two test specimens are mounted on the inside of a bar, one placed at each end 
{and at] so that their centers are a distance of [4.5] 5 in. apart. 


Tentative Methods of Test for Compression Set of Vulcanized Rubber 
(D 395 — 36 T).4—Objections were received by Subcommittee XVII with 
respect to the permissible tolerance in the thickness dimension of the stand- 
ard test specimen, indicating that it might be closer than is necessary and 
difficult of attainment in some instances. Accordingly, an investigation 
was made in ard subcommittee involving an extensive series of tests,- using 
Comparison of the results from 
samples having nidnas equivalent to the plus tolerance with those from 
samples at the minus tolerance showed that the differences encountered 
are no greater than often occur when using individual samples of the same 
compound and the same thickness. The committee considers that it has 
proven the former tolerance to be unnecessarily close and accordingly 
recommends that this section be revised as follows: 


Section 9.— Change the fourth sentence to read as follows by the addi- 
tion of the italicized words and figures and the omission of those in brackets: 


When necessary, the specimen thickness shall be reduced to the required 4 in. by 
cutting transversely with a sharp knife and carefully buffing to size within a permissible 
variation of [ +0.005 in.] +0.005 in. and —0.025 in. 


Tentative Specifications for Insulated Wire and Cable: Class AO, 30 Per 
Cent Hevea Rubber Compound (D 27 — 36 T).4—-The revisions* that are being 


proposed in these specifications include: (1) an extension of Table V on 


1 See p. 1122. 
9 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1150 (1934); also 1936 Book of AS.TM. 
Tentative Standards, p. f A.S.T.M. 
3 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1133 (1936); also 1936 Book of A.v.*- 

Tentative Standards, p. 1137. f A.S.T.M. 
Am. Soe. Testing Mats., Vol. 36, Part I, p. 1065 (1936); also 1936 Book o 
Tentative Stan d to Com- 

5 Subsequent to "the id meeting additional revisions of these specifications were pees tentative 

mittee E-10 on Standards, see Editorial Note, p. 453. These have been incorporated in the revi 
specifications, see p. 1070.—Eb. 
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Insulation Resistance to cover the same range as Table IV on Test Voltage; 
(2) limitation of the size of cross-section of test specimens in tensile strength 
test in order to provide greater accuracy; (3) editorial changes covering 
details of the electrical testing of multiple conductor cable to make these 
more specific; and (4) elimination of the moisture absorption test for 
braids as it has proven to be unsatisfactory. 

Table V.—-Add insulation resistance values in megohms for the con- 
ductor sizes shown with rubber insulation thicknesses from 32 in. to 34 in., 
incl., as Shown in the accompanying Table I. 


TABLE I.—INSULATION RESISTANCE, MEGOHMS—1000 Fr. AT 60 F, (15.5 C.) 


Insulation Thickness in Sixty-fourths of an Inch 
Size of Conductor, A. w. g. Numbers or Circular Mils 


oe 

$328 
sss 


350 000 circular mils 

500 000 circular mils 

750 000 circular mils 
1260 000 circular mils 
1500 000 circular mils 
1750 000 circular mils 
2000 000 circular mils 


Section 26.—Change to read as follows by the addition of the italicized 
words and figures and the omission of those in brackets: 


26. (a) Size.—The test specimen may be the entire section of the insulation in 
the case of small wires, [or] but in the case of [a large] wire [or] and cable [either a seg- 
ment of a section cut with a sharp knife held tangentially to the conductor or a shaped 
pecimen cut out with a standard die] of No. 6 A.w.g. and larger or with an insulation 
thickness greater than’ #s in., samples approximately square in section shall be cut from 
he insulation with a cross-section not greater than 0.025 sq. in. ‘The test specimen shall 
eas free as possible from surface incisions and imperfections. [There shall be no 
mit to the cross-section of the test specimen, except as restricted by the capacity of 
the testing machine. ] 


_ Change Paragraph (c) of this section to read as follows by the addition 
of the italicized words and the omission of the words and figure in brackets: 


(c) Buffing.—In the event of any irregularities on the surface of the test specimen 
cluding corrugations from large strands, it shall be made smooth and of uniform 
thickness [within 5 per cent of the original thickness] by buffing [except when large 
strands are used, in which case the rubber sample shall be buffed sufficiently to remove 
all corrugations]. 
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10100 | 10500 
8 800 9 150 
5 700 6 6 650 
5200 5 6 050 
250 000 circular mils. . MRE Ee 4 900 5 5 750 : 
4 250 4 4 950 
3 700 4 4350 
3 100 3 3700 
2 750 3 3 300 “ 
2 500 2 3 000 
2 300 2 2700 
2 150 2 2 600 ; 
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Section 49.—To the end of Paragraph (6) add a new paragraph to read 
as follows: 


Single-conductor cables shall be tested between conductor and sheath or water in 
which they are immersed at the test voltage required by Table IV. 


To the end of Paragraph (c) of this section add a new paragraph to 
read as follows: 

Multiple conductor cables after assembly shall be tested at the test voltage required 
by Table IV. 

Section 50.—Omit this section which describes the application of 
voltage on single-conductor and multiple-conductor cables. 

Table IX.—Change the minimum thickness requirements for braid in 
Table IX by the omission of the fourth decimal place. The revised require- 
ments will read as follows: 

Minimum THICKNESS OF BRAID, IN. 


0.016 
0.017 


0.020 
0.026 
0.032 


Table X.—Change the minimum thickness requirements for braid in 
Table X by the omission of the fourth decimal place. The revised require- 
ments will read as follows: 

MINIMUM THICKNESS OF BRAID, IN. 
.020 
.022 
.026 
.032 
.037 
.045 
.056 


Section 66.—-Omit this section which describes the moisture absorption 
test. 

Tentative Specifications for Insulated Wire and Cable: Performance 
Rubber Compound (D 353 —- 36 T).\—The following revisions? proposed in 
these specifications correspond to the changes recommended above in 
Specifications D 27 — 36 T, and are intended to keep the two specifications 
consistent with each other: 

Table IIT.—Make the same changes in this table as proposed above in 
Table V of Specifications D 27 — 36 T. 

Section 10.—Replace the present Paragraphs (a) and (c) of this section 
by new paragraphs as proposed above for Paragraphs (a) and (c) of Section 
26 of Specifications D 27 — 36 T. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1092 (1936); also 1936 Book of A.S.T.M. 
Tentative Standards, p. 1086. 

_ Subsequent to the annual meeting additional revisions of these specifications were presented to Com- 

mittee E-10 on Standards, see Editorial Note, p. 453. These have been incorporated in the revised tentative 


specifications, see p. 1109.—Eb. 
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Section 32. —Add new -w paragraphs at the end of Paragraphs (6) and (c) 
of this section as proposed above for Paragraphs (b) and (c) of Section 49 
of Specifications D 27 — 36 T, referring to the table as Table I. 
Section 33.—Omit this section which describes the application of 
voltage on single-conductor and multiple-conductor cables. 


III. Withdrawal of Tentative Standard: an 


Tentative Specifications for Insulated Wire and Cable: Class A, 30 Per 
Cent Hevea Rubber Compound (D 393 — 34 T).\—Withdrawal of these speci- 
fications has been contemplated for some time as the type of rubber com- 
pound covered has become obsolete and is now used very little. These 
specifications which were issued in 1934 have been almost entirely sup- 
planted by others now published as tentative. The committee accordingly 
recommends that the specifications be discontinued. 


IV. Tentative Standard Continued as Tentative: 


Tentative Specifications for Rubber Pump Valves (D 151 — 31 T).—These 
specifications, which have already been continued as tentative for a number 
of years, are not yet suitable for adoption as standard. These specifications 
are in general agreement with the Federal Specifications for similar products 
but the committee is now inclined to feel that revisions are in order in both 
of these and is unwilling to recommend their adoption pending such changes. 
It is therefore desired that these specifications be continued as tentative 
for the present. 


The recommendations appearing in this report have been submitted 
to letter ballot of the committee which consists of 84 members, the results 
being as follows: 


Items 


I. Proposgep Tentative StanDARD 
Method for Air Pressure Heat Test of Vulcanized Rubber 


Il, Revisions or Tentative STtanpaRps 
Methods of Test for Abrasion Resistance of Rubber Compounds (D 394 - 34 T) 
Methods of Test for Compression Set of Vulcanized Rubber (D 395 - 36 T) 


"2-36 iy Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound 


III. Wrraprawat or Tentative Sranpagp 


Mitation for Insulated Wire and Cable: Class A, 30 per cent Hevea Rubber Compound 


Teatanh er eedings, Am. See. Testing Mats., Vol. 34, Part I, p. 1126 (1934); also 1936 Book of A.S.T.M. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommitlee I on Mechanical Rubber Hose (E. G. Kimmich, chairman), 
This subcommittee has decided to undertake a consolidation and ampli- 
fication of the two existing A.S.T.M. Standards, D 379 and D 380, on testing 
rubber hose. Although these methods in their present form have been 
fairly satisfactory, it has been found they are not sufficiently comprehensive 
to cover the field thoroughly because of the wide variety of types and con- 
structions of hose which are in common use. It is believed that their utility 
can be effectively increased by combining them into a single set of test 
procedures and by supplementing the present methods with additional 
tests required for types of hose not covered at present. The new proposed 
standard! will be recommended to replace the two present methods. 

The subcommittee also plans to submit a tentative revision of the 
Standard Specifications for Cotton Rubber-Lined Fire Hose for Public 
and Private Fire Department Use (D 296 — 35), recommending the omission 
of detailed descriptions of methods of test and substituting suitable refer- 
ence to the new general methods of test for rubber hose and to the Methods 
of Chemical Analysis of Rubber Products (D 297~- 36). In this way, 
extensive duplication in the standards will be avoided and some inconsist- 
encies will be eliminated, particularly those existing at present in the 
hydrostatic test procedures. 

Subcommittee IV on Protection of Persons from Electrical Shock (H. S. 
Vassar, chairman).—This subcommittee expects to recommend, in the near 
future, revisions in the Standard Specifications for Rubber Gloves (D 120 - 
23). A survey which has been completed indicates that the present speci- 
fications are being employed by approximately 70 per cent of the buyers of 
rubber gloves. However, after the 14 years during which the present 
specifications have been standard, some changes are necessary to bring 
them up to date. The major changes contemplated include the introduc- 
tion of an accelerated aging test and increase in tensile strength, elongation 
and set requirements. A number of minor revisions and editorial changes 
are also being considered. All of these proposals have been submitted to 
a considerable number of producers and consumers for comment, and, so 
far, the replies indicate that there is little, if any, demand for any more 

extensive changes than those proposed. It is anticipated that these revisions 
may be completed so as to be presented to the Society during the coming 
year through Committee E-10 on Standards.? 

Subcommittee V on Insulated Wire and Cable (R. A. Schatzel, chairman). 
—In addition to the revisions being recommended in the two tentative speci- 
fications for insulated wire and cable (D 27 —- 36 T and D 353 - 36 T)* as 


1 Subsequent to the annual meeting, Committee D-11 presented these methods to the Society through 
Committee E-10 on Standards, see Editorial Note, p. 453.—Epb. 

2 See Editorial Note, p. 453.—Ep. 

8 Subsequent to the annual meeting, Committee D-11 presented additional revisions of these specifications 
to the Society through Committee E-10 on Standards, see Editorial Note, p. 453.—Eb. 
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nentioned earlier in this report, this subcommittee has been preparing 
specifications covering tough rubber sheath compounds for cables and for 
heat-resisting compounds." Tentative drafts of these specifications have 
been circulated and it is expected that the final recommendations will be 
available in the near future. In addition, the subcommittee contemplates 
separation of the test methods for insulated wire and cable from the present 
secifications and their issuance in the form of a separate standard. It is 
elieved that this will increase the utility of both the specifications and the 
methods and will avoid some duplication. A tentative draft of the proposed 
standard test methods is under consideration.? 

Subcommittee X on Physical Testing of Rubber Products (H. M. Frecker, 
hairman).—This subcommittee plans to extend the work of the abrasion 
subcommittee on development of standard rubber test specimens having 
certified properties into the field of tensile measurements. Progress in a 
program of this sort is necessarily slow but it is expected that ultimately 
reference standard samples will be made available as a result of the work 
of the two subcommittees, in consequence of which marked improvement 
in the duplicability and accuracy of physical tests of rubber will result. 
Committee D-11 has also authorized the formation of a section of Sub, 
committee X to act in an editorial capacity on recommended standards 
and on matters pertaining to the publication of the compilation of A.S.T.M. 
Standard Methods of Test for Rubber Products. It is hoped that the 
publication of this manual can soon be put on an annual basis. 

Subcommittee XVII On Rubber Products for Absorbing Vibration (J. J. 
Allen, chairman).—During the extensive investigation already mentioned 
of the effect of sample thickness in the Tentative Methods of Test for Com- 
pression Set of Vulcanized Rubber (D 395 — 36 T), the subcommittee also 
studied a proposed modification of the test wherein the decay in load instead 
of change in dimensions during the action of compression and heat aging 
was taken as the measure of compression set. ‘The purpose of this work 
was to endeavor to find a more accurate method of evaluation than thickness 
measurements, which are often difficult to carry out precisely because of 
warping of the specimen during compression and heat treatment. As yet, 
the proposed modification seems to present formidable difficulties, though 
further study and some changes in technique may improve the situation. 

Subcommittee XIX on Tests for Properties of Rubber and Rubber-Like 
Materials in Liquids (O. M. Hayden, chairman).—Following the survey 
reported in 1935% on methods of test for resistance of rubber and rubber-like 
materials to action of solvents, this subcommittee investigated some of 
the factors affecting the rate of deterioration of the specimens in such tests. 


‘Subsequent to the annual m eeting, Committee D-11 presented these specifications to the Society through 
mmittee E-10 on Standards, see Editorial Note, p. 453.—Eb. 


: * Subsequent to the annual meeting, Committee D-11 seoeuted these methods to the Society through 
mumittee E-10 on Standards, see Editorial Note, p. 453.— 


* Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 427 (1935). 
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In a cooperative test program using uniformly prepared samples of different 
size and shape tested in five different laboratories, in water, benzene, and 
kerosine, the subcommittee found (1) the laboratories checked closely using 
kerosine and fairly well in benzene but poorly with water; (2) increase in 
volume during immersion in liquids is in inverse ratio to the thickness of 
the test specimen; (3) the greater the surface exposure the faster the rate 
of swelling; (4) slight buffing of the surface increases the rate of swelling: 
(5) volume increase measurements are in close agreement whether deter- 
mined by the water displacement method or computed from increase in 
weight and specific gravity determinations; (6) if the volume increase is 
determined by calculation from the change in one dimension the direction 
of grain of the specimen has a marked influence on results. After consider- 
ation of these and many other factors involved in the test, the subcommittee 
has agreed on the following details for a standard method: (1) size of test 
pieces; (2) liquid to be same as in actual service; (3) equipment; (4) 
methods of measurement; (5) conditions of test. It is expected that the 
methods will be completed so that they may be presented to the Society 
for publication as tentative through Committee E-10 on Standards during 
the summer.' 

Subcommittee X XI on Tests of Liquid Rubber Products (L. M. Freeman, 
chairman).—This subcommittee held its organization meeting in March 
and decided that for the immediate future it would devote its attention to 
the formulation of standard methods of test for the evaluation of rubber 
cements and rubber latex. The work on cements will include standardiza- 
tion of tests for viscosity and for the determination of total solids. A coop- 
erative test program has been outlined involving a survey and study of 
the various test procedures in use at present. A cooperative series of tests 
on latex by interested laboratories is also planned. ‘The latex will be 
obtained from one source of supply and will include latices having both 
normal and 60 per cent rubber concentration. Methods will be investigated 
for determining color, total solids, dry rubber content, ammonia, and 
hydrogen ion concentration. 


This report has been submitted to letter ballot of the committee which 
consists of 84 members; 63 members returned their ballots, of whom 57 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, ane ; 


O. M. HAYDEN, 


Chairman. 
ARTHUR W. CARPENTER, 7 
Secretary. 
1 See Editorial Note, p. 453.—Eb. 
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EpitoriaL Note 
Subsequent to the annual meeting, Committee D-11 on Rubber Products pre- 


ented to the Society on August 26, 1937, through Committee E-10 on Standards 
the following recommendations: 


Proposed Tentative Specifications for: 
Rubber Gloves for Electrical Workers on Apparatus or Circuits not Exceed- 


ing 3000 Volts to Ground, to replace immediately Standard Specifications D 120 - 
23, see p. 1062. 


Insulated Wire and Cable: Heat-Resisting Rubber Compound, see p. 1096. 


Proposed Tentative Methods of: 


Testing Rubber Hose, to replace immediately Standard Methods D 379 — 36 
and D 380 — 36, see p. 1153. 


Testing Rubber Insulated Wire and Cable, see p. 1166. 


Test for Changes in Properties of Rubber and Rubber-Like Materials in 
Liquids, see p. 1148. 


Proposed revision of Tentative Specifications for: 
Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound 
(D 27 - 37 T), see p. 1070. 


Insulated Wire and Cable: Performance Rubber Compound (D 353 - 37 T), 
see p. 1109. 


Withdrawal of Standards: _ 
Specifications for Rubber Gloves for Electrical Workers on Apparatus or 
Circuits not Exceeding 3000 Volts to Ground (D 120-23), 
Methods of Test for Rubber Hose—Braided Construction (D 379 — 36), and 
Methods of Test for Rubber Hose—Wrapped Construction (D 380 — 36). 


The above recommendations were accepted by Committee E-10 and appear in 
this volume on the pages given above. 
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ON 
SOAPS AND DETERGENTS _ 


As a result of extensive studies by a special committee appointed in 
1935 by the Executive Committee of the Society to consider the desirability 
of forming an A.S.T.M. standing committee on soap, a new standing 
committee on Soaps and Detergents was formally organized at a meeting 
held on July 1, 1936, in Atlantic City, N. J., during the annual meeting of 
the Society. The scope of the committee is as follows: Soaps and deter- 
gents including the materials entering into their manufacture. A set of 
committee regulations was adopted. 

At the organization meeting, officers of the committee were elected, 
as follows: Chairman, H. P. Trevithick; Vice-Chairman, F. W. Smither; 
Secretary, B. S. Van Zile. An Advisory Committee was chosen, consisting 
of the officers of the committee and the following members: J. B. Crowe, 
J. E. Doherty, Ephraim Freedman, G. E. Hopkins, Frederick Krassner, 
and Pauline B. Mack. 

The following subcommittees and sections have been appointed: 


Subcommittee I on Methods of Testing (J. B. Crowe, chairman) 
Section A on Soaps (M. L. Sheely, chairman) 
- Section B on Sulfonated Detergents (Ralph Hart, chairman) 
Section C on Dry Cleaning Soaps (G. G. Gaubatz, Jr., chairman) — 
Section D on Special Detergents (J. D. MacMahon, chairman) _ 


Subcommittee II on Specifications (F. W. Smither, chairman) 
-_ Section A on Textile Soaps (G. E. Hopkins, chairman) 
Section B on Built Soaps (Frederick Krassner, chairman) 
Section C on Straight Soaps (Israel Katz, chairman) 
Section D on Dry Cleaning Detergents (G. G. Gaubatz, Jr., chairman) 
Section E on Sulfonated Detergents (J. B. Crowe, chairman) 
Section F on Special Detergents (C. C. Zeigler, chairman) 
Section G on Metal Cleaners (G. B. Hogaboom, chairman) 


Subcommittee III on Nomenclature and Definitions (Frederick Kenney, chair- 
man) 


G. E. Hopkins resigned as chairman of Section A of Subcommittee II 
on March 1 and was succeeded by C. L. Nutting. 
In addition to the organization meeting, the committee held two other 
meetings during the year, on December 3, 1936, and on March 29, 1937, 
(454) 
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both in New York City with an attendance of 46 and 40, respectively. 
At the December meeting the Standard Methods for the Sampling and 
Analysis of Soap and Soap Products of the American Oil Chemists’ Society 
were reviewed and approved for submission to the A.S.T.M. for publication 
as tentative. ‘These methods have also been adopted by the American 
Chemica] Society. 

At the spring meeting of the committee reports were received from the 
subcommittees and sections recommending certain specifications and defini- 
tions for submission to the Society for publication as tentative, as given 
below. ‘There were also submitted Proposed Methods of Chemical Analysis 
of Sulfonated Oils which are published in Appendix I to this report as 
information only for the purpose of obtaining criticisms and constructive 
suggestions for further improvements. Proposed Methods of Chemical 
Analysis of Special Detergents have also been completed and are published 
in Appendix II to this report as information. ‘These methods will also 
be reviewed by the committee at its fall meeting. ‘The committee has 
also been considering proposed specifications for built soap (powdered), 
and for trisodium phosphate, and these will be further discussed at the 
next meeting. 

In view of the short time that the committee has been organized, it 
has made excellent progress and has cleared the way for much constructive 
work. ‘The chairman wishes to record his appreciation for the splendid 
cooperation of all of the members in combating the tremendous difficulties 
which exist in some of the committee’s problems 


RECOMMENDATIONS AFFECTING STANDARDS 


Proposed Tentative Standards——The committee submits for publica- 
tion as tentative the following four specifications, one set of definitions 
and one method of chemical analysis, as appended hereto: 


Proposed Tentative Specifications for: _— 
Milled Toilet Soap,' 
Caustic Soda,} 


Modified Soda (Sesquicarbonate Type),' and 
Soda Ash.? 


Proposed Tentative Definitions of Terms Relating to Soaps and Detergents.* 
Proposed Tentative Methods of Sampling and Chemical Analysis of Soaps and 
Soap Products? 


These recommendations have been submitted to letter ballot of the 
committee which consists of 54 members, the results being as follows: 


1260, 1261 and 1262. 
p. 1 
p. 1268, 


/ 
d in 
llity 
ding 
ting 
g of 
‘ter- 
t of 
ted, 
1eT; 
ing 
we, 
ir- 


REPORT OF COMMITTEE D-12 


Items 


Specifications for Modified Soda (Sesquicarbonate Type) 
Specifications for Soda Ash on 


This report has been submitted to letter ballot of the committee which 
consists of 54 members; 35 members returned their ballots, of whom 33 
have voted affirmatively and 1 negatively. _ 


Respectfully submitted on behalf of the committee, oe 


H. P. TRevIrHICK, 
Chairman. 


B. S. VAN ZILE, 
Secretary. 
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APPENDIX I 


PROPOSED METHODS OF CHEMICAL ANALYSIS © 


OF 
SULFONATED (SULFATED) OILS! 


These are proposed methods and are published as information only. Comments are 
slicited and should be addressed to the Headquarters of the Society, 260 S. Broad St., 


Scope 


1. (a) These methods prescribe procedures for the chemical analysis 
f sulfonated (sulfated) oils. 
(6) The analytical procedures appear in the following order: 


SECTION 

Moisture f Method A. Water by Distillation with a Volatile Solvent 2to 7 

Method B. Moisture and Volatile Matter by Hot-Plate Method 8 to 12 

Method A. Titration Method 13 to 17 

Organically Combined } Method B. Extraction-Titration Method 18 to 22 
Sulfuric Anhydride ) Method C. Ash-Gravimetric Method (In the Pres- 

ence of True Sulfonates) 23 to 26 

Total De-Sulfated Fatty Matter 27 to 30 

Total Active Ingredients 31 to 34 

Unsaponifiable Non-Volatile Matter 35 to 39 

Inorganic Salts 40 to 44 

Total Alkalinity 45 to 47 

Total Ammonia 48 to 50 
{ Method A. Inthe Absence of Ammonium or Triethanol- 

amine Soaps or Both 51 to 53 
Acidity as Free | Method B. In the Presence of Dark Colored Oils but in 
Fatty Acids {; the Absence of Ammonium or Triethanolamine Soaps or 

Both (Brine Method) 54 to 56 
Method C. In the Presence of Ammonium and/or Trietha- 

| nolamine Soaps 


MOISTURE 
Method A. Water by Distillation with a Volatile Solvent 

Scope 

2. This method of analysis determines water existing in a sample of 
sulfonated (sulfated) oil by distilling the sample with a volatile solvent. 
The method is applicable only to sulfonated oils that do not contain the 
following: mineral acids, free sulfonic acids, or free sulfuric acid esters; 
or alkali hydroxides, carbonates or acetates; or alcohol, glycerol, diethy- 
lne glycol, acetone or other water-miscible volatile compounds. 


1 Under the standardization procedure of the Society, these proposed methods are under the jurisdiction of 
AS.T.M. Committee D-12 on Soaps and Detergents. 
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Apparatus 


3. The apparatus required consists of a glass flask, heated by suitable 
means and provided with a reflux condenser, discharging into a trap and 
connected to the flask. The connections between the trap and the con- 
denser and flask shall be interchangeable ground joints. The trap serves 
to collect and measure the condensed water and to return the solvent to 
the flask. 

(a) Flask.—A short-neck, round-bottom, glass flask (Fig. 1), made 


of well-annealed glass, and having an approximate capacity of 500 nl. 
shall be used. 


5 to 55 mm. 

2 to 24 mm., inside diameter | 
to 11 mm., inside diameter 
35 to 240 mm. 

46 to 156 mm. 


Fic. 1.—Apparatus for Determination of Water by Distillation with a Volatile Solvent, 
Method A. 


(b) Heat Source-—The source of heat may be either an oil bath (stearic 
acid, paraffin wax, etc.) or an electric heater provided with a sliding 
rheostat, or other means of heat control. 

(c) Condenser—A water-cooled, reflux, glass-tube-type condenser 
(Fig. 1), having a jacket not less than 400 mm. (153 in.) in length with an 
inner tube 9.5 to 12.7 mm. (# to } in.) in outside diameter shall be used. 
The end of the condenser to be inserted in the trap shall be ground oft at 
an angle of 30 deg. from the vertical axis of the condenser and the tip of 
the condenser tube when inserted in the trap shall extend about 7 mm. 
(3 in.) above the surface of the liquid in the trap after the distillation 
conditions have been established. 
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(d) Trap.—A trap made of well-annealed glass constructed in ac- 
cordance with Fig. 1 and graduated as shown from 0 to 5 ml. in 0.1-ml. 
divisions shall be used. The error of any indicated capacity may not be 
greater than 0.05 ml. 


Special Solutions Required - = 


4. (a) Xylene, c.p. 

(b) Oleic Acid.—Oleic acid, U.S.P. grade, heated previous to use for — 
5to 10 min. over a free flame at a temperature of 130 to 135 C. 
Calibration 


5. To calibrate the apparatus add approximately 1 g. of water to a 
mixture of 80 g. of xylene and 10 g. of oleic acid. Conduct the distillation 
as described in Section 6 (b), (c), and (d). When all the water has dis- 
tilled, cool the apparatus, add another gram of water, and repeat the dis- 
tillation. Continue the calibration up to the capacity of the receiving tube. 


Procedure 


6. (a) Before using, clean the condenser and the receiving tube thor- 
oughly with soap and warm water, rinse well, then treat with hot cleaning 
lution (a mixture of 10 ml. of saturated potassium bichromate and 
990 ml. of H,SO, (sp. gr. 1.84)), and finally thoroughly wash and dry. 

(b) Take enough of the sample to be tested for analysis to yield about 
4ml. of water. Introduce the approximate quantity into a weighing 
bottle and make the weighings from the bottle into the flask, taking care 
that after removal of the sample, no drops of oil are left on the outside of 
the weighing bottle. Add 80 g. of xylene, and oleic acid equivalent to 
about two and one-half times the weight of the bone-dry sample, to prevent 
foaming and jellying of the contents of the flask. Introduce glass beads 
to prevent bumping and mix the contents of the flask thoroughly by swirl- 
ing, care being taken to avoid any loss of material. Fill the trap with 
tylene and immediately connect the flask with the distillation apparatus; 
insert a loose cotton plug in the top of the condenser tube to prevent con- 
densation of atmospheric moisture in the condenser tube. 

(c) Heat the flask and regulate the heating so that the condenser tube 
immediately below the water-jacket is just barely hot. In this way a 
minimum of water will condense further up the condenser, where it may 
be difficult to volatilize any moisture condensed on the walls. 

(d) Continue the distillation at the specified rate until practically no 
water is visible on any part of the apparatus except within the graduations 
ofthe trap. ‘This operation usually requires less than an hour. Increase 
the rate of distillation in order to remove all traces of condensed water in 
the condenser tube and continue the distillation until the water level in 
the trap remains unchanged after a 10-min. interval. Dislodge any drop- 
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lets adhering to the side of the receiver with a thin copper wire twisted 
into a loop. Immerse the receiving tube in warm water at about 40 C. for 
15 min., or until the xylene layer becomes clear, then read and record the 
temperature and the exact volume of the water in the trap. 


TABLE I.—SpeciFic GRAVITY OF WATER.? 
TEMPERATURE, 


SPECIFIC 
DEG. CENT. 


GRAVITY 
. 00000 

. 99406 
99371 

. 99336 
.99299 
. 99262 
.99224 
. 99186 
.99147 
.99107 
. 99066 

0.99025 


* This table is taken from Smithsonian Tables, compiled from various authors. 


Calculation 


7. The volume of condensed water measured in the trap may be con- 
verted into its equivalent weight in grams by means of Table I. Cal- 
culate the percentage of water as follows: 


Grams of water 
Water by weight, per cent = Sane nn x 100 


Weight of sample in grams 


Method B. Moisture and Volatile Matter by Hot-Plate Method 
Scope 


8. This method of analysis determines the percentage of water and 
other compounds volatile at about 100 C. existing in a sample of sulfonated 
(sulfated) oil by rapid evaporation. The method is applicable only to 
sulfonated oils that do not contain the following: mineral acids, free sul- 
fonic acids or free sulfuric acid esters, ammonia, acetic acid or similar 
volatile acids, alkali hydroxides, carbonates, acetates or similar salts which 
may react with oleic acid at elevated temperatures liberating volatile acids, 

or glycerol, diethylene glycol, xylene or other compounds of similar volatility. 


Apparatus 


9. The apparatus required consists of a glass-stoppered weighing flask, 
a glass beaker, and a suitable thermometer. 

(a) Weighing Flask.—Any suitable glass-stoppered weighing flask of 
10 to 15-ml. capacity may be used. ; 

(6) Beaker.—A Griffin low-form glass beaker with an approximate 
capacity of 150 ml. and a diameter of about 5 cm. shall be used. 

(c) Heat Source——The source of heat may be either an electric hot 
plate, with or without asbestos paper or board cover, or an open flame 

: __ under a suitable asbestos board, and a wire gauze (to spread the heat). 
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(d) Thermometer.—A thermometer graduated from 90 to 150 C., 
about 3 in. in length, and substantially constructed shall be used. 


Special Solutions Required 
10. (a) Oleic Acid, U.S.P. . 
(b) Desiccating Agent.— Any suitable desiccating agent may be used. 
Note.—Recent investigations seem to indicate that calcium chloride is unreliable as 


a laboratory desiccating agent. 


Procedure 


11. (a) Weigh approximately 5 g. of oleic acid, transfer it to the 
beaker and insert the thermometer. Heat the oleic acid gradually, while 
stirring with the thermometer, until the temperature reaches 130 C. Place 
the beaker in an oven at 105 to 110 C. for 15 min., cool in a desiccator, and 
weigh. Repeat the heating over the hot plate and in the oven until two 
successive weighings differ by less than 1.5 mg. 

(b) Place about 6 g. of the sample in the weighing flask, and deter- 
mine the weight accurately. Transfer the sample to the beaker (containing 
the thermometer), and weigh the flask again. Heat the mixture exactly 
as in the taring of the beaker as described in Paragraph (a). The loss in 
weight is equivalent to the moisture in the sample: 


Calculation 


12. Calculate the percentage of moisture and volatile matter in the 
sample as follows: 


Moisture and volatile matter Loss in weight of beaker in grams 
= x 100 
(Hot-Plate Method), per cent Weight of sample in grams" 


ORGANICALLY COMBINED SULFURIC ANHYDRIDE 


Method A. Titration Method Oo 
Scope 


13. This method of analysis determines the organically combined sul- 
furic anhydride existing in a sample of sulfonated (sulfated) oil by boiling 
the sample with sulfuric acid and determining the acidity of the reaction 
mixture. This method is applicable only to oils that split off their com- 
bined SO; upon boiling with mineral acids and that do not contain com- 
pounds which cannot be accurately titrated in water solution with methyl 
orange as the indicator. 


Apparatus 


14. The apparatus required consists of a glass flask provided with a 
glass stopper and an air condenser. The connection between the flask and 
the condenser shall be a ground joint. Perforated glass beads shall be 
used to prevent bumping. 
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(a) Flask.—An Erlenmeyer flask (Fig. 2) made of heat-resistant glass: 
having a capacity of approximately 300 ml. and provided with a glass 
stopper shall be used. 

(b) Condenser—The condenser required consists of a glass tube. 
915 mm. (36 in.) in length, and 8 mm. (35 in.) in outside diameter. The 
lower end of the tube shall be flared and ground to fit the mouth of the 
Erlenmeyer flask. 

(c) Glass Beads.—Perforated glass beads, made of chemically-resistant 
glass, approximately 4 mm. (.%; in.) in diameter shall be used. Before 
using, the glass beads shall be boiled thoroughly in several portions of 
water or until the wash-water reacts neutral to methyl orange indicator. 


-9/5 mm. (36 in.)---> 


<— 


8mm. *+/mm. 
/ Inside Diameter 


<- 


Fic. 2.—Apparatus for Determination of Org iain Combined 
Sulfuric Anhydride, Method A. 


The tolerance on the 8-mm, (16-in.) inside diameter tube is intended to be + 1 mm. (+ ea in.). 
Special Solutions Required 

15. (a) Sodium Hydroxide (1 N).—-Accurately standardize a 1 N 
NaOH solution. Express the strength or concentration of the solution as 
milligrams of KOH per milliliter; 1 ml. of 1 N NaOH is equivalent to 
56.1 mg. of KOH. 

(b) Sodium Hydroxide (0.5 N).—Accurately standardize a 0.5 N 
NaOH solution. Express the strength of the solution as milligrams of 
KOH per milliliter; 1 ml. of 0.5 N NaOH is equivalent to 28.05 mg. 
of KOH. 

(c) Sulfuric Acid (Approximately 1 N). 

(d) Sulfuric Acid (0.5 N).—Accurately standardize a 0.5 N HS0, 


! Pyrex glass is very satisfactory for this purpose. 
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solution. Express the strength of the solution as milligrams of KOH per 
milliliter; 1 ml. of 0.5 N H,SO, is equivalent to 28. 05 mg. | of KC KOH. 

(e) Ethyl Ether, U.S.P. 

(f) Sodium Chloride.—Solid, c.p. NaCl. 

(g) Methyl Orange (0.1 per cent). —Prepare a 0.1 per cent water solu- 
tion of methyl orange indicator. 


Procedure 


16. The procedure consists of two determinations: namely, (a) the 
alkalinity of the sample, designated as A, and (0) the increase in acidity 
after boiling the sample with sulfuric acid, designated as F. 

(a) Alkalinity, A.—Dissolve 10 g. of the sample in 100 ml. of water 
in the 250-ml. glass-stoppered Erlenmeyer flask, warming to obtain solu- 
tion if necessary. After cooling, add 30 g. of NaCl, 25 ml. of ether, and 
five drops of methyl orange indicator, then add 0.5 N H.SO,, with 
frequent but gentle shaking until the mixture is slightly acid. Shake the 
contents of the flask vigorously, and complete the titration by adding 
first 0.5 N NaOH, several drops at a time, until the solution is 
alkaline, and then the acid, one or two drops at a time, until the endpoint 
is reached. Shake the solution vigorously after each addition of reagent. 
Drain burettes for 3 min. before readings are taken. Calculate the al- 
kalinity, A, as follows: 


Ww 


where A = the total alkalinity in milligrams of KOH per gram, 
B = the milliliters of acid, 
C = the milliliters of alkali, 
D = the strength of the acid in milligrams of KOH per milliliter, 
E = the strength of the alkali in milligrams of KOH per milliliter, 
and 
= the weight of the sample in grams. 


(b) Increase in Acidity upon Boiling, F —-Weigh 10 g. of the sample 
into the Erlenmeyer flask and boil for 14 hr. under the air condenser 
with 1 NV H,SO, using glass beads to prevent bumping. ‘The volume of 
H,SO, added shall be sufficient to neutralize the total alkalinity, A, of 
the sample plus 25 ml. in excess. Regulate the heating so that the solu- 
tion boils rather vigorously but with very little evaporation taking place. 
At the end of the heating period, allow the contents to cool, wash the con- 
denser with a spray of water from a wash-bottle, disconnect the condenser. 
Add 30 g. of NaCl, 25 ml. of ether, 50 ml. of water and five drops of in- 
dicator, and titrate the solution with 1 N NaOH to the same endpoint as 
in the total alkalinity titration, Paragraph (a). During the titration 
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stopper the flask frequently and shake the contents of the flask thoroughly. 
Drain the burettes for 3 min. before readings are taken. 
Notre.—Reserve the titrated solution for the subsequent determination of total 
| de-sulfated fatty matter (Sections 27 to 30). 

Make a blank determination simultaneously with the sample, using 
the same amount and strength of the H,SO,, approximately the same 
weight of glass beads, and heating and titrating under the same conditions 
as the sample. 

_ Calculate the increase in acidity upon boiling, F’, as follows: 
(S — B)N 

W 
where / = the increase in acidity upon boiling in milligrams of KOH per 

gram, 
S = the milliliters of NaOH necessary to titrate the sample, 
B = the milliliters of NaOH necessary to titrate the blank, 
N = the strength of the NaOH expressed as milligrams of KOH 
per milliliter, and 
W = the weight of the sample in grams. 
The increase in acidity, /, may be negative, in which case retain the sign 
obtained from the above formula in the calculation in Section 17. 


F= 


Calculation 


17. Calculate the percentage of organically combined sulfuric anhy- 
dride as follows: 


Organically combined sulfuric anhydride, per cent = 0.1426 (A + F) 


where 0.1426 = one tenth of the molecular ratio of SO;: KOH, 
A = the total alkalinity in milligrams of KOH per gram, and 
I’ = the increase in acidity upon boiling, expressed as milligram 
of KOH per gram. Retain the sign of F as obtained in 
Section 16 (6). 


Method B. Extraction-Titration Method 
Scope 


18. This method of analysis determines the organically combined 
sulfuric anhydride existing in a sample of sulfated oil by extracting the 
undecomposed sulfonated or sulfated fat and other fatty matter over an 
acidulated, concentrated salt solution, boiling the residue with sulfuric acid 
after evaporating the solvent, and titrating the products of reaction. This 
method is applicable only to sulfated oils that split off their combined SOs 
upon boiling with mineral acids, including samples containing sodium 
acetate or other compounds that cannot be accurately titrated in water 
solution with methyl orange as the indicator. : 
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Apparatus 
19. The apparatus shall be the same as described for Method A in | 
Section 14. 
Special Solutions Required 
20. The solutions shall be the same as described for Method A in - 
Section 15. 
Procedure 
21. The procedure consists of isolating and purifying the fatty matter 


as it exists in the original oil by dissolving the sample in a solvent, acidi- 
fying and washing with saturated brine, and determining the increase in 
acidity upon boiling the isolated product with sulfuric acid. This increase 
in acidity is designated as F. 

(a) Separation of Purified Oil.—Weigh 5 to 10 g. of the sample, depend- 
ing upon the concentration of the fatty matter, into a 250-ml. separatory 
funnel containing 50 ml. of concentrated NaCl solution, some solid NaCl, 
5 drops of methyl orange indicator, and 50 ml. of ether. Shake the mix- 
ture and neutralize with approximately 1 N H2SO, until the lower layer is 
distinctly pink (about 0.2 ml. in excess). 


Note.—Highly sulfonated oils at this stage may form three layers instead of two. 
In such cases, use a fat solvent consisting of a mixture of two parts of ether and one of 


alcohol. 

Allow the mixture in the separatory funnel to settle for at least 5 min., 
draw off the lower layer into another separatory funnel and wash the 
ether layer with 25-ml. portions of NaCl solution until practically neutral 
to methyl orange, that is, until 1 drop of 0.5 N NaOH turns the wash water 
strongly alkaline. Allow all separations to settle for at least 5 min. Com- 
bine the water layers, and extract with two 25-ml. portions of ether. Com- 
bine the last two ether extractions and wash with NaCl solution until free 
from acid, as in the case of the ether layer in the first funnel. Combine 
all the ether layers in the decomposition flask and evaporate the ether. 

(b) Increase in Acidity Upon Boiling, F.—Determine the increase in 
acidity upon boiling in accordance with the procedure described for Method 
A in Section 16 (b). (See Note.) 


Note.—Reserve the titrated solution for the subsequent determination of total 
de-sulfated fatty matter (Sections 27 to 30). 


Make a blank determination as described for Method A in Section 
16 


Calculate the increase in acidity F in accordance with Section 16 (b). 
Calculation 


22. Calculate the percentage of organically combined sulfuric anhydride 
as follows: 


Organically combined sulfuric anhydride 


(Extraction-titration method), per cent ~ 0.1426 x F 


al 
g . 
le 
1S 

H 

d 
m 
in 

in 
is 
if 
J; 
m 

\ 
4 \ 


466 Report oF CommitTEE D-12 (AppeNprx I) 


where 0.1426 = one tenth the molecular ratio of SO;: KOH, and 
F’ = the increase in acidity upon boiling. 


Method C. Ash-Gravimetric Method (In the Presence of True Sulfonates) 


Scope 


23. This method of analysis determines the organically combined 
sulfuric anhydride existing in a sample of sulfonated oil by extracting the 
undecomposed sulfonated or sulfated fat and other fatty matter over an 
acidulated, concentrated salt solution, and ashing the purified extract, 
This method is applicable to all types of sulfonated oils, including true 
sulfonic acid oils and those containing sodium acetate or similar partially 
titratable compounds. 


Special Solutions Required 
24. (a) Ethyl Ether, U.S.P. 
(b) Sodium Chloride.—Solid, c.p. NaCl. _ 
(c) Sodium Sulfate-—Anhydrous, c.p. Na2SO,. 


(d) Methyl Orange (0.1 per cent).—Prepare a 0.1 per cent water solu- 
tion of methyl orange indicator. 


Procedure 


25. The procedure consists of isolating and purifying the fatty matter 
as it exists in the original oil by dissolving the sample in a solvent, acidifying 
and washing with saturated brine, and ashing the purified extract. If the 
sample contains ammonia, the ammonia shall first be expelled before the 
_ determination is made on the sample. 
(a) In the Absence of Ammonia.—Proceed as described in the separa- 
_ tion of purified oil (Section 21 (a)), combining the ether layers in the first 
funnel rather than in the decomposition flask. Carefully remove any 
water that may settle and dehydrate the ether layer as follows: add 5 g. 
of anhydrous Na,SO,, shake vigorously for 5 min., and filter directly into a 
_ 150-ml. beaker, placed in a bath of warm water. Wash the flask and filter 
with ether until free from fat (absence of oil stains on the filter paper after 
drying) and add the filtrate to the beaker. To avoid creeping of the oil, 
the volume in the beaker should at no time during the filtering and washing 
exceed 50 ml. (one-third full). 

Evaporate the ether solution until the volume has been reduced to 
about 20 ml. and transfer the residue to a tared 50-ml. crucible (high form). 
Immerse the crucible in a 100-ml. beaker containing warm water until 

_ practically all of the ether has evaporated. Rinse the beaker with two 
10-ml. and three 5-ml. portions of ether, respectively, or until all of the 
oil has been transferred to the crucible; allow each portion of rinsing 
ether to evaporate before the next rinsing is made. Burn gently the 
solvent-free residue, and finally ignite at a dull red heat to constant weight. 
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To prevent creeping of the oil and to hasten evaporation, stir the 
lution with a glass rod; before the oil is burned, wipe the rod clean with 
ashless filter paper and add the paper to the crucible. To oxidize traces 
of carbon or sodium sulfide that might form, moisten the ash with hydrogen 
peroxide (30 per cent) and again carefully ignite to constant weight. Cal- 
culate the percentage of ash as follows: 


, Weight of ash in grams 

Extracted Weight of sample in grams 100 
(b) In the Presence of Ammonia.—-Dissolve 5 to 8 g. of the sample in 

30 ml. of water in a 300-ml. beaker. Add 10 ml. of 1 N NaOH and boil 

the solution gently until wet litmus paper no longer indicates ammonia. 

Cool the solution and transfer to a 300-ml. separatory funnel and add 

about 35 g. of solid NaCl or enough to make the final solution a 25 per 

cent NaCl solution. Add 5 drops of methyl orange and complete the 

neutralization, extraction, etc.,in accordance with the procedure described 


in Paragraph (a). 
Calculation 


26. Calculate the percentage of organically combined sulfuric anhy-— 
dride as follows: 


Organically combined sulfuric anhydride, per cent = 1.1267 percentage of the 
extracted ash 
where 1.1267 = the molecular ratio of 2SO3: NaSQ,. 


DE-SULFATED FATTY MATTER 


Scope 


27. This method of analysis determines the total de-sulfated fatty 
matter in a sample of sulfated oil by decomposition with diluted mineral 
acids and extraction of the decomposed fat. This method is not — 


tosamples that are not completely decomposed upon boiling with mineral 
acids, 


Special Solutions Required 
28. (a) Sulfuric Acid (Approximately 1 
(b) Ethyl Ether, U.S.P. 


Procedure 


29. The procedure consists in decomposing the sample with sulfuric — 
aid, extracting the fatty matter with ether, evaporating the solvent, and 
weighing the residue. After cooling, transfer the titrated solution obtained 
alter determining organically combined sulfuric anhydride, in accordance 
with Method A or Method B (Sections 16 (b) or 21 (b)), into a 250-ml. — 
*paratory funnel and shake with 50 ml. of ether. Draw off the water 
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layer into another separatory funnel and extract twice with 25-ml. portions volu: 
of ether. Wash the combined ether layers with 15-ml. portions of water tent: 
until the wash water is neutral to methyl orange. Transfer the ether 
) layer to a tared 150-ml. beaker, evaporate on the water bath until prac. alcoh 
tically free from solvent, dry in a hot-air oven at 105 to 110 C. for 30 min., 
cool in a desiccator and weigh. Repeat the heating for 30-min. periods and 
until constant weight is obtained. is ot 
Notr.—Reserve the extracted fatty matter for the subsequent determination of Cale 
unsaponifiable matter (Sections 35 to 39). 
Calculation the 
| 30. Calculate the total de-sulfated fatty matter as follows: 
Weight of residue in grams | whe 
Total de-sulfated fatty matter, per cent = Weeks ol 100 he 
ACTIVE INGREDIENTS 
31. This method of analysis determines the total active ingredients in rt 


a sample of sulfonated or sulfated oil as it exists in the original sample by 
extracting the undecomposed sulfonated or sulfated fat and other fatty 
matter over an acidified concentrated salt solution. Free alkali or alkali 
bound as soap is not included. 
; Norte.—In the case of sulfated oils only, this determination may also be estimated by 
calculation (see Section 34 (c)) as it is equivalent to the sum of the de-sulfated fatty 
matter and neutralized organically combined sulfuric anhydride. 
Special Solutions Required 
7 32. (a) Ethyl Ether, U.S.P. 
(b) Sodium Chloride.—Solid, c.p. NaCl. 
(c) Sodium Sulfate—Anhydrous, c.p. Na2SQx. 
(d) Methyl Orange (0.1 per cent).—Prepare a 0.1 per cent water solu- 
- tion of methyl orange indicator. 
(e) Alcoholic Potassium Hydroxide (0.5 N).—Accurately standardize a 
os N alcoholic KOH solution the strength of which shall be expressed as 


milligrams of KOH per milliliter; 1 ml. of 0.5 N alcoholic KOH is equivalent , 
to 28.05 mg. of KOH. 0) 


Procedure 
33. (a) The procedure consists of isolating and purifying the fatty the 


matter as it exists in the original oil by dissolving the sample in a solvent, the 
acidifying and washing with saturated brine, and weighing the purified 
extract. Proceed as described in the determination of organically com- Ang 
bined sulfuric anhydride, Method C, in the absence of ammonia (Section 
25 (a)), retaining the separated active ingredients in the 150-ml. beaker to 
instead of transferring it to a crucible.. Evaporate the filtrate to a total = 


. 

Oils 
| met 
Tote 
| 

or 
in 
| beco 
formr 
resu 


CHEMICAL ANALYSIS OF SULFONATED (SULFATED) OILS 


yolume of about 20 ml., add exactly 2 ml. of alcoholic KOH, mix the con- 
ater tents by swirling, and finally evaporate until practically free from ether. 


ther NotE.—With highly sulfonated oil, it may be necessary to add 5 to 10 ml. of the 
rac- alcoholic KOH in order to stabilize the residue. 


ions 


iin., (b) Dry the residue at 108 to 112 C. for 1} hr., cool in a desiccator, 

lods and weigh. Repeat the heating for 30-min. periods until constant weight 
is obtained. 

of Calculation 


34. (a) Correction for the Alkali Added.—Calculate the correction for 
the alkali added as follows: 
Correction for alkali added, grams = 0.0006791 (milliliters of KOH x S) 


where 0.0006791 = the molecular ratioof(K —H) : KOH divided by 1000, and 
S = the strength of the KOH in milligrams of KOH per 
milliliter. 
(b) Total Active Ingredients.—Calculate the total active ingredients as 
follows: 

. Total active ingredients, _ Weight of residue in grams — alkali correction x 100 

tty per cent Weight of sample in grams 
lkali (c) Total Active Ingredients Calculation Method (Applicable to Sulfated 


Oils only).—Calculate the total active ingredients by the calculation 
method which is applicable to sulfated oils only, as follows: 


ed by 
-“y Total active _ Percentage of total + NaSO.— percentage of 
ingredients, per cent de-sulfated fatty matter SO; combined SO, 
or 
Total active _ Percentage of total + 1.4875 x Percentage of 
ingredients, per cent de-sulfated fatty matter combined SO; 
Note.—The factor 1.4875 is based on the assumption that the de-sulfated fatty matter 
solu- becomes polymerized at the point where the SO; splits off and no hydroxyl groups are 
lormed. If the latter are formed the factor becomes Ne! = 1.275. Calculated 
ry a esults were in better agreement with actual determinations when the higher factor was used. 
alent UNSAPONIFIABLE NON-VOLATILE MATTER 
Scope 
35. This method of analysis determines the unsaponifiable, non-volatile 
- ‘above 80 C.) matter existing in a sample of sulfated oil by saponifying : : 
an the de-sulfated fatty matter and extracting the ena matter from 
’ 


sed the soap solution with ethyl ether. 


ction 36. Saponifi cation Flask.—The apparatus required for the saponifica- 
eaker tion consists of a glass flask provided with an air condenser and identical 
with the apparatus described in Method A for organically combined sul- 
furic anhydride (Section | 14 (a) and (6)). 


\ 
\. 
\ 
\ 
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Apparatus 


| 


470 


Special Solutions Required 


37. (a) Potassium Hydroxide Solution (0.5 N).-Prepare an approxi- 
mately 0.5 N aqueous KOH solution. 

(b) Alcoholic Potassium Hydroxide (0.5 N).—Prepare an approxi- 
mately but not less than 0.5 N alcoholic KOH solution, = © 

(c) Ethyl Ether, U.S.P. 


Procedure 


38. The procedure consists in decomposing the sample with mineral 
acid, extracting the de-sulfated fatty matter, saponifying the latter, and 
extracting the unsaponifiable matter from the soap solution with ethyl 
ether. 

(a) De-Sulfated Fatty Matter—Determine the de-sulfated fatty matter 
as described in the determination of total de-sulfated fatty matter (Sec- 
tion 29). 

(b) Saponification.—Accurately weigh 2 to 2.5 g. of the de-sulfated 
fatty matter in the flask, add 25 ml. of the alcoholic KOH and simmer the 
contents (without loss of alcohol) for 1 hr. with occasional swirling, over 
an electric hot plate or other source of heat. 

(c) Extraction.—Transfer the contents of the flask to a 250-ml. separa- 
tory funnel and wash the flask several times with a total of 50 ml. of water, 
pouring it into the separatory funnel. Extract the solution, while still 
warm (about 30 C.), with 50 ml. of ether (rinse the saponification flask 
with the ether before adding it to the separatory funnel), shaking vigorously 
for about 1 min., and allow the layers to settle and clear. Draw off the 
lower layer in a second 250-ml. separatory funnel and extract in a similar 
manner with two 50-ml. portions of ether. 

(d) Preliminary Water Washing.—Add 20 ml. of water to the com- 
bined ether layer, turn the separatory funnel and contents over gently 
about six times, and allow the layers to settle and clear. Draw off the 
lower layer and discard. Wash the ether layer twice more with 20-ml. 
portions of water, shaking vigorously after each addition. 

(e) Alkali and Water Washing.—Add 20 ml. of 0.5 N KOH to the 
washed ether layer, turn the separatory funnel and contents over gently 
about six times, and allow the layers to settle and clear. Draw off the 
lower layer and discard. Wash the ether layer with 20 ml. of water, 
shaking vigorously. Continue washing with 20 ml. of 0.5 N KOH followed 
by 20 ml. of water, shaking vigorously after each addition, until the alkali 
layer upon strong acidification with HCl and settling for a few minutes 
is only faintly opalescent. Finally wash the ether layer with 20-ml. 
portions of water until the wash water is no longer pink to phenolphthalein. 

(f) Solvent Removal.—Transfer the ether layer to a 150-ml. beaker 
(counter-balance the beaker if the amount of unsaponifiable matter 's 
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small and important) and evaporate over a hot-water bath until practically 
free of ether. Heat the beaker at 75 to 80 C. until constant weight is 
obtained. 


Note 1.—A 30 per cent alcoholic solution by volume is the most satisfactory solution 
from which to extract the unsaponifiable matter. 
Note 2.—If emulsions form, add 5 ml. of alcohol, pouring it down the side of the 
funnel. 

Note 3.—It is important to maintain the volume of ether at not less than 150 ml., 
otherwise small quantities of unsaponifiable matter may be lost. 

Note 4.—To check whether or not the unsaponifiable matter is free from fatty acids, 
dissolve the residue in 10 ml. of freshly boiled neutral alcohol and titrate with 0.1 N alcoholic 
KOH solution, using phenolphthalein as the indicator. Not more than 0.1 ml. should be 


required for neutralization. If more is required, the determination has not been carried 
out effectively and must be repeated. 


Calculation 


39. Calculate the unsaponifiable matter as follows: 


Unsaponifiable Weight of residue in grams percentage of 
non-volatile 


= de-sulfated fatt 
matter, percent Weight of de-sulfated fatty matter in grams ction: 
INORGANIC SALTS 


Scope 


40. This method of analysis determines in a sample of sulfonated oil 
the inorganic sulfates, chlorides, and all other salts that are insoluble in 
a mixture of oleic acid and carbon tetrachloride. The method consists in 
dehydrating the sample, dissolving in a solvent, filtering and weighing 
the residue. The presence of sodium acetate does not interfere with this 
method. 

Apparatus 

41. Either a Gooch crucible or filter paper may be used for filtering. 
Ignite the Gooch crucible in a larger crucible, supported by an asbestos 
ring and assembled as shown in Fig. 3. If filter paper is used, it may be a 
cm. Whatman No. 40 or similar grade of ashless filter paper. 


Special Solutions Required a 


42. (a) Oleic Acid, U.S.P. 

(b) Carbon Tetrachloride, U.S.P. 

(c) Ethyl Ether, U.S.P. 

(d) Asbestos. -Asbestos fiber, alkali and acid washed. 
Procedure 


43. The procedure consists of dehydrating the sample, dissolving in 
asolvent, filtering, and igniting the residue. In the presence of ammonium 
salts, the residue is not ignited but only dried to constant weight. 

(a) In the Absence of Ammonium Salts.-Weigh 3 to 5 g. of the sample 
and place in a 250-ml. beaker, add an approximately equal amount of 
deic acid, and heat the mixture on an oil bath, while stirring constantly 
with a thermometer, at a temperature of 105 to 110 C. until practically 
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free from water. Continue the heating until the temperature of the con- 
tents reaches 118 to 120 C., and maintain at that temperature for about 
5 min. If the dehydrated sample upon cooling does not remain liquid, 
add more oleic acid. Dissolve the dehydrated sample in 100 ml. of CCl, 
warmed to 50 to 55 C., and filter through a counterpoised filter paper or 
a Gooch crucible. 

Prepare the Gooch crucible by passing a thin emulsion of asbestos 
fiber in water through the crucible until a pad of about 2 mm. in thick- 
ness is formed. Dry the asbestos pad and ignite for 30 min. at first gently 
and finally more strongly. Then pass 75 ml. of CCl, through the crucible 
and again ignite the asbestos pad, cool in a desiccator, and weigh. Repeat 
the process of washing with CCl, until there is no further loss in weight. 

Wash the residue with three 15-ml. portions of a solution of oleic acid 
in CCl, (2 per cent), then with six 15-ml. portions of hot CCl, and finally 
with two 15-ml. portions of ether or until the residue is free from oil. Take 
care that the top of the filter is thoroughly washed. Transfer the last 
traces of the residue to the filter by allowing the solvent to evaporate when 


Fic. 3.—Gooch Crucible Assembly for Determination of Inorganic Salts. 


the salts become free flowing. Dry the residue at 125 to 130 C. for 45 min., 
cool in a desiccator, and weigh. Ignite the residue at a dull red heat for 
15 min., weigh, and repeat the ignition until constant weight is obtained. 

(b) In the Presence of Ammonium Salts.—Proceed as described in 
Paragraph (a) for the determination of inorganic salts in the absence of 
ammonium salts with the following exceptions: (/) in preparing the Gooch 
crucible, do not ignite but heat it at 125 to 130 C. for 45 min., and repeat 
the heating until constant weight is obtained, and (2) heat the residue, 
whether in a Gooch crucible or on a filter paper as in (7), but do not ignite it. 


Calculation 


44. The method of calculation depends upon whether or not ammonium 
salts are present in the sample. 


(a) Calculate the inorganic sulfates and chlorides including ammonium 
salts as follows: 


Inorganic sulfates and chlorides, including _ Weight of dried residue in grams . 194) 
ammonium salts, per cent Weight of sample in grams 


Note.—In the absence of ammonium salts, the difference between the percentage : 
the dried residue and the percentage of the ignited residue shall not be greater than 0.2° 
per cent. 
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(b) Calculate the non-volatile inorganic sulfates and chlorides (in the 
absence of ammonium salts) as follows: 


Non-volatile, inorganic sulfates and _ Weight of ignited residue in grams 
chlorides, per cent Weight of sample in grams _ 


x 100 


ToTAL ALKALINITY 
Scope 
45. This method of analysis determines the total alkalinity existing 
ina sample of sulfonated and sulfated oil by titrating a water solution of 
the sample with mineral acid in the presence of methyl orange as the 
indicator. ‘This method determines the total alkalinity of the fixed alkali, 
ammonia and triethanolamine bound as soap, free alkali, and the alkalinity 
of titratable alkaline salts, but not that of non-titratable alkaline salts. 


Procedure 
46. Proceed as described in the determination of alkalinity under 
organically combined sulfuric anhydride, Method A (Section 16 (a)). 


Calculation 


ToTAL AMMONIA 
Scope 
48. This method of analysis determines the total ammonia in a sample 
of sulfonated (sulfated) oil by boiling a water solution of the sample with 
excess alkali and determining by titration the loss in alkali after the boiling. 


Procedure 


49. The procedure consists of two determinations: namely, (a) the 
total alkalinity, and (6) the loss in alkalinity after boiling with excess NaOH. 

(a) Total Alkalinity.—Determine the total alkalinity as described in 
the determination of organically combined sulfuric anhydride, Method A 
(Section 16 (a)). 

(b) Alkalinity After Boiling.—Dissolve 10 g. of the sample in 100 ml. 
of water in a 500-ml. beaker, add 25 ml. of 0.5 N NaOH and boil the mix- 
ture for 30 min. or until all the ammonia is expelled as indicated by moistened 
red litmus paper. Cool the contents of the beaker, add methyl orange 
indicator (0.1 per cent) and titrate to an approximate endpoint. Transfer 
the mixture to a 250-ml. glass-stoppered flask and complete the titration 
(with the addition of salt and ether) as described in the determination of 
organically combined sulfuric anhydride, Method A (Section 16 (6)). _ 


Calculation 


50. Calculate the total ammonia as follows: 
(B x D) —(C X E) 
W 


Total ammonia, milligrams of KOH per gram = A +( 


47, Calculate the total alkalinity as described in Section 16 (a)). _ f 
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Proce 
in th 
indic 
in a 

tion, 
ml. 0 


Total ammonia, per cent = 0.0303 (total ammonia as milligrams of KOH) 


where A = the total alkalinity in milligrams of KOH per gram, 
Bs=themillilitersofalkaliadded, 
= the milliliters of acid added, 
D = the strength of the alkali as milligrams of KOH | per milliliter, 
] = the strength of the acid as milligrams of KOH per milliliter, , 
and deter 
W = the weight of the sample in grams. Meth 


Acipity AS FREE Fatty Acips solut 


Method A. In the Absence of Ammonium or Triethanolamine Soaps -_ 
or Both addi 


Caler 


‘This method of analysis determines the : acidity as as free fatty acids 
sili in a sample of sulfonated and sulfated oil by titrating the sample 
dissolved in a solvent. It is not applicable in the presence of ammonium 
or triethanolamine soaps or salts, or other compounds which do not react 
neutral to phenolphthalein when dissolved in alcohol. 


Procedure 


52. The procedure consists of titrating a solution of the sample in a 
mixture of alcohol and ether in the presence of phenolphthalein indicator. 
Dissolve 10 g. of the sample in a mixture of 50 ml. of neutral alcohol and 
25 ml. of ether, add five drops of phenolphthalein indicator, and titrate 
the solution with 0.5 N NaOH or KOH until the pink color persists after 


vigorous shaking. 
Calculation 


53. Calculate the acidity as free fatty acids, as follows: 


Acidity as free fatty acids, 
milligrams of KOH per _ Milliliters of alkali x strength as milligrams of KOH 


gram, calculated as acid — Weight of sample in grams 
number 


Method B. In the Presence of Dark Colored Oils but in the Absence of Am- 
monium or Triethanolamine Soaps or Both (Brine Method) 
Scope 
54. This method wy analy sis determines the acidity as free fatty y acids 
existing in a sample of sulfonated (sulfated) oil by titrating a water solu- 


tion of the sample with phenolphthalein as the indicator. It is not appli- 
cable in the presence of ammonia or triethanolamine soaps OF acid salts. 
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Procedure 


55. The procedure consists in titrating a water solution of the sample 
in the presence of salt, ether, and alcohol with phenolphthalein as the 
indicator. Dissolve 10 g. of the sample in 100 ml. of water contained 
in a 250-ml., glass-stoppered, Erlenmeyer flask, warming to obtain solu- 
tion, if necessary. After cooling, add 30 g. of NaCl, 25 ml. of ether and 50 
ml. of neutral alcohol. 

Note.—At this stage, methyl orange indicator may be added and the total alkalinity 
determined as described in the determination of organically combined sulfuric anhvdride, 
Method A (Section 16 (a)). 

Add five drops of phenolphthalein indicator (1.0 per cent alcoholic 
lution) and titrate the contents of the flask with 0.5 N NaOH until the 
frst pink tinge appears in the water layer, shaking vigorously after each 
addition of the reagent. we 


Calculation 


56. Calculate the acidity as free fatty acids as described in the deter- 
mination of acidity as free fatty acids, Method A (Section 53). 


Note.—In case the total alkalinity was determined on the same sample the free 
fatty acids is calculated as follows: 


_ Milliliters of alkali X strength as milligrams of KOH _ 
vet gram Weight of sample in grams linity 


Method C. In the Presence of Ammonium and/or Triethanolamine Soaps — 
Scope 

57. This method of analysis determines the acidity as free fatty acids 
in the presence of ammonium and/or triethanolamine soaps, existing in a 


sample of sulfated or sulfonated oil or both, by calculation from the total 
alkalinity and the free-and-alkali-combined fatty acids. 


Procedure 


58. The procedure consists of two determinations: namely, (a) total 
alkalinity, and (6) free-and-alkali-combined fatty acids. 

(a) Total Alkalinity—Determine the total alkalinity as described in 
the determination of organically combined sulfuric anhydride, Method A 
‘Section 16 (a)). 

(b) Free-and-Alkali-Combined Fatty Acids.—Extract the total sulfated 
and sulfonated fatty matter as described in the determination of total 


active ingredients (Section 33 (a) and (b)), but omit the dehydration of 
the extract. 


y Note.—In the presence of acetates, wash the ether layer carefully with concentrated 
NaCl solution until one or two drops of 0.5 N NaOH added to the final wash water are 
veutral to phenolphthalein indicator. 
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Add exactly 0.5 ml. of 0.5 N NaOH to the extract, evaporate the 
ether to a volume of about 25 ml., add approximately 50 ml. of neutral 
alcohol, and titrate the mixture with 0.5 VN NaOH. — 


Calculation 


59. Calculate the free-and-alkali-combined fatty acids as described 
in the determination of acidity as free fatty acids, Method A (Section 53), 
Calculate the acidity as free fatty acids in the presence of ammonium and/or TI 


° solicite 
triethanolamine soaps, as follows: Philad 


(total alka- 
linity). 


Acidit Scope 
Free-and-alkali-combined fatty acids) 
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PROPOSED METHODS OF CHEMICAL ANALYSIS 


wer 
SPECIAL ‘DETERGENTS! 


These are proposed methods and are published as information only. Comments are ; 
glicited and should be addressed to the Headquarters of the Society, 260 S. Broad St., 
Philadelphia, Pa. 


Scope 


1. These methods cover procedures for the chemical — of inor- 
sanic alkaline detergents. 


Sampling 


2. (a) Flake Caustic Soda.—Flake caustic soda shall be sampled by 
removing portions from various parts of the drum. 

(b) Powdered Caustic Soda.—Powdered caustic soda shall be sampled — 
by inserting a sampling tube through the contents of the drum in several 
places. ‘The tube shall be dried by heating just before use. 

(c) Fused Caustic Soda.—Fused caustic soda shall be sampled by 
taking chipped samples from the center and bottom of the drum and then 
mixing the gross sample in the approximate proportions in which the tops 
and bottoms occur in the drum. 

(d) Precautions.—Caustic soda shall not be sampled in a moist atmos- 
phere. In the case of fused caustic soda the portion taken for analysis shall 
have the surface layer of carbonate scraped off immediately before trans- 
ierring to the weighing bottle. In all cases the sample shall be transferred 
‘0 a thoroughly dried weighing bottle immediately after it is taken; the 
ttle shall be tightly stoppered at once. 

Total Alkalinity as Na,O 


_ 3. Weigh 10 g. of the sample, dissolve in CO,-free distilled water, wash 
ito a 500-ml. volumetric flask and dilute to volume with CO.-free distilled 
water. Protect the solution from the air as much as possible. Pipette a 
one-fifth aliquot into a 400-ml. beaker and determine Na,O by titrating 
the sample against 1.0 N acid using methyl red as the indicator. Calculate 
the total alkalinity as Na,O, as follows: 


Na,O, per cent 
Weight of sample in grams 


vhere A = the milliliters of acid necessary to titrate the Na,O in the 
sample. 


te net tne standardization procedure of the Society these proposed methods are under the jurisdiction 
T.M. D-12 on Gongs and Detergents. 
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Sodium Hydroxide 

4. Determine the NaOH on a second one-fifth aliquot which is pipett 
into a 250-ml. Erlenmeyer flask. Add about 25 ml. of neutral Bat), 
solution (10 per cent) and titrate the sample with 1.0 N acid using phi 
nolphthalein as the indicator. Calculate the percentage of NaOH a: 


follows: 
Bx5 x40 
_ noe one Weight of sample in grams 


where B = The milliliters of acid necessary to titrate the NaOH in the 


Carbonate as Na,CO, 


5. Calculate the carbonate as NazCOs, as follows: 


(A — B) X5 


Na,C nt = 
Weight of sample in grams’ 


_ where A = the milliliters of acid necessary to titrate the Na,0 in the sample. 
and 
B = the milliliters of acid necessary to titrate the NaOH in the 


sample. 
Sopa 


Sampling 

6. Soda ash shall be sampled by removing portions from various parts 
of the container. Samples shall not be taken from those portions of the 

“soda ash where caking is noticeable due to the absorption of moisture and 

_ CO, through the container. If the soda ash is caked, the sample shall be 


obtained by thoroughly mixing and quartering the entire contents of the 
package. 


Moisture 


7. Determine the moisture content by drying 2.0 g. of the sample at 
150 to 155 C. for 1 hr. 


af Total Alkalinity as Na,CO, 


8. Analyses for carbonate and bicarbonate shall be referred to the dry 
_ basis or carried out on samples previously dried as described in Section 7. 
Wai 5.3 g. of the sample and transfer to a 500-ml. Erlenmeyer flask. 
Dissolve the sample in 100 ml. of distilled water, add exactly 100 ml. of 
1.0 N H,SO, from a standard burette, place a small funnel in the neck of 
the flask, and boil gently for 5 min. to expel CO,. Cool, rinse down the 
sides of the flask, add 4 drops of methyl red indicator and titrate with 
0.1 N NaOH. Calculate the total alkalinity as Na2COs, as follows: 
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CHEMICAL ANALYSIS OF SPECIAL DETERGENTS 


Total alkalinity as Na,COs, per cent = Milliliters of acid — eee of ee 


Sodium Bicarbonate 

9. Weigh 8.4 g. of the sample and transfer to a 250-ml. beaker, dissolve - 
in 100 ml. of distilled water, and titrate with 1.0 V NaOH until a drop of 
the solution added to a drop of freshly prepared AgNO; solution (10 per 
cent) on a spot plate gives a dark color instantly. Calculate the percentage 


sodium bicarbonate as follows oO 
NaHCo0Os,, per cent = Milliliters of 1.0 N NaOH 
Calculate the percentage of Na2CO; as follows: 
NaCOs, per cent = Total alkalinity as Na,CO; in per cent — (percentage of NaHCO, 


X 0.6309) q 
Matter Insoluble in Water _ 


10. Dissolve 20 g. of the sample i in 300 ml. of distilled water in a 400-ml. 
beaker. Filter through a previously prepared, dried and weighed Gooch 
crucible. Wash the residue free from alkali with distilled water and dry 
inan oven at 100 C. Calculate the percentage of matter insoluble in water 


as follows: 
Matter insoluble in water, per cent = Weight of residue x 5 
Apparent Density 


11. Weigh 30 g. of the sample and transfer to a 100-ml. graduate. 
Rotate the graduate until the sample flows freely and then, taking great 


care to avoid jarring, level the surface of the sample, and read the volume. 
Calculate the apparent density as follows: 


30 
Volume in milliliters 


Apparent specific gravity = 


Apparent density, lb. per cu. ft. = Apparent specific gravity x 62.5 


Sopa (SESQUI-CARBONATE TyPE) 
Sampling 

12. The sample of modified soda (sesqui-carbonate type) shall be 
selected as described in Section 6 for the sampling of soda ash. 


Total Alkalinity as Na,O 


13. Weigh 3.1 g. of the sample and dissolve in about 100 ml. of 
distilled water in a 500-ml. Erlenmeyer flask. Add 4 drops of methyl red 
indicator, and enough 1.0 N H2SO, to reach the endpoint plus approximately 
1ml. in excess. Place a small funnel in the neck of the flask and boil for 
5min. to expel CO:. The solution should still be acid after boiling. Rinse 
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Report or Commitrer D-12 (APPENDIX II) 
down the sides of the flask and titrate back with 0.1 N NaOH. Calculat 
the total alkalinity as Na,O, as follows: 


Na,O, per cent 10 


Sodium Bicarbonate and Sodium Carbonate 

14. (a) Weigh 8.4 g. of the sample and dissolve in about 100 ml. of 
distilled water in a 250-ml. beaker. ‘Titrate the sample with 1.0 V NaOH 
until a drop of the solution added to a drop of freshly prepared AgNO 
solution (10 per cent) on a spot plate gives a dark color instantly. Calcu- 
late the sodium bicarbonate as follows: _ 7 


NaHCoO,, per cent = Milliliters of 1.0 N NaOH 


(b) Sodium Carbonate—-Calculate the percentage of sodium carbonate 
as follows: 
Naz,COs, per cent = (Percentage of Na,O — percentage of NaHCO; x 0.3690) x 1.7097 
Matter Insoluble in Water 


15. Determine the matter insoluble in water in accordance with the 
procedure in Section 10. 


PHOSPHATES, SILICATES AND BORATES 
Phosphates, Silicates, and Borates' 

16. Determine these alkaline salts in accordance with the analytical 
procedures described in the Tentative Methods of Sampling and Chemical 
Analysis of Soaps and Soap Products (A.S.T.M. Designation: D 460 - 37 T) 
of the American Society for Testing Materials.’ 


1The committee has in mind preparing more complete analytical procedures for these alkaline salts when 
the demand develops. 
2See p.21266. 


the 
on 
and 
All 
the 
sub 
: vac 
Te 
reo 
cla 
pla 
Sil 
tin 
A- 
an 
mi 
( 


REPORT OF COMMITTEE D-13 
ON 


TEXTILE MATERIALS 


Committee D-13 on Textile Materials has held two meetings during 
the year, one on October 14 to 16, 1936, in New York City, and the other 
on March 10 to 12, 1937, at Providence, R. I. The number of members 
and guests registered at these meetings was 104 and 103, respectively. 
A third meeting will be held in June at New York City in conjunction with 
the annual meeting of the Society. 

The Advisory Committee has approved the following changes in 
subcommittee chairmanships: Mr. F. S. Mapes was appointed to fill the 
vacancy in the chairmanship of Subcommittee A-4 on Asbestos and Its 
Textile Products, and Mr. A. R. Howe has been made chairman of the 
reorganized Subcommittee A-5 on Bast Fibers and Their Products. Mr. 
A. L. Brassell has resigned as chairman of Subcommittee B-2 on Nomen- 
cdature and Definitions and Mr. E. D. Fowle has been appointed in his 
place. The Advisory Committee has discontinued Subcommittee A-7 on 
Silk with the understanding that it will be retained as inactive until such 
time as conditions warrant its reorganization. The title of Subcommittee 
A-5 on Bast Fibers and Their Products has been changed to read “Bast 
and Leaf Fibers and Their Products.” The title of Section III, of Subcom- 
mittee B-1, ‘on Humidity” has been changed to read ‘‘on Atmospheric 
Conditions.” 

Mr. Ephraim Freedman was appointed to represent the A.S.T.M. at 
the Trade Practice Conference on the Shrinkage of Woven Cotton Yard 
Goods held in New York City on March 9, 1937. Mr. Frederick Bonnet 
and Mr. Ephraim Freedman, as representatives of Committee D-13, served 
on a committee on arrangements for the National Rayon Technical Confer- 
ence to be held in Washington, D. C., on May 14 and 15, 1937. 

Two of the committee’s standard methods, namely, the General 
Methods of Testing Woven Textile Fabrics (D 39 - 36) and the Method 
of Test for Shrinkage in Laundering of Woven Cotton Cloth (D 437 — 36), 
have been approved by the American Standards Association as American 
standards and assigned the designations L5 - 1936 and L10 — 1936, 
respectively. 

During the year a special committee in charge of Mr. R. H. Brown, 
acting upon the instructions of the Advisory Committee, prepared a thor- 
ough revision of the Regulations Governing Committee D-13. These 
have been submitted to letter ballot of the membership and accepted. 
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REPORT OF COMMITTEE D-13 


The committee is planning an exhibit in connection with the annual 
meeting of the Society in June. Its preparation is in charge of Mr. D. E. 
Douty. It will be designed to show the nature of the textile materials 
with which the committee deals and such interesting features of its work 
as it is possible to display. 

The spring meeting was made the occasion of a testimonial dinner to 
Mr. G. B. Haven. He was presented with a suitably worded scroll, beau- 
tifully engrossed in colors. ‘The arrangements werc in charge of Mr. D. E. 
Douty, the first secretary of Committee D-13. 

The October meeting was featured by a Symposium on Rayon, and 
a Symposium on Atmospheric Conditions was held in connection with 
the March meeting. Of the 25 D-13 subcommittees, 20 held sessions at 
the fall meeting and 19 at the spring meeting. A new high mark for total 
attendance at these meetings was established this year. These events 
may be considered to be one practical measure of the continually growing 
interest of the members in the work and activities of the committee. 

The present membership of the committee is 183; of whom 77 are 
classified as producers, 51 as consumers, and 55 as general interest members. 


RECOMMENDATIONS AFFECTING STANDARDS 

The recommendations of the committee regarding the standards and 
tentative standards under its jurisdiction are summarized below, together 
with the analysis of the letter ballot on each item. Comments, where 
necessary, are made under the Activities of Subcommittees. 

I. Proposed Tentative Standards.-The committee recommends for 
publication as tentative the following three new methods of test, appended 
hereto: 


Tentative Methods of Test for Wool Felt,' 


Tentative Methods of Testing and Tolerances for Certain Wool and Part Wool 
Fabrics,? and 


Tentative Method of Test for Volumetric Determination of Small Amounts of 
Copper in Textiles.* 

II. Proposed New Standard.—The committee recommends that the 
Specifications and Methods of Test for Tire Fabrics Other than Cord 
Fabrics, as appended hereto,‘ be adopted as standard. The proposed 
standard is a consolidation of the following existing standards: 

Standard Methods of Testing and Tolerances for Tire Fabrics Other than Cord 

Fabrics (D 122 33),§ 


Standard Specifications and Methods of Test for Chafer Tire Fabrics (D 316 - 34),’ 
and 
Standard Specifications and Methods of Test for Enameling Duck for the Tire 
Industry (D 336 — 33).5 
1 See p. 1226. * See p. 1231. * See p 


4 These revised specific silken were adopted as eee by the Society and appear in the 1937 Supplement e 


to Book of A.S.T.M. Standards, p. 244.—Eb. 
5 1936 Book of A.S.T.M. Standards, Part II, pp. 1371, 1309, 1314. 
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This consolidation involves no modification in substance of these 
three standards. It is accordingly recommended that the change be 
effected immediately and the committee accordingly asks for the necessary 
nine-tenths vote at the annual meeting in order that the consolidated form 
may be referred to letter ballot of the Society for immediate adoption as 
standard. 


IIT. Proposed Revisions of Tentative Standards.—The committee is 
presenting revisions in the following tentative definitions and four methods 
of test and recommends that, as revised, they be continued as tentative: 


Tentative Definitions and Terms Relating to Textile Materials (D 123 - 36 T), 
revised as appended hereto,! 

Tentative Methods of Testing and Tolerances for Rayon (D 258 - 35 T), revised 
as proposed in the Appendix, 

Tentative Methods for the Identification of Fibers in Textiles and for the 
Quantitative Analysis of Textiles (D 276-35 T), revised as proposed 
in the Appendix, 

Tentative General Methods of Test for Properties of Cotton Fibers (D 414 - 35 T), 
revised as proposed in the Appendix, and 

Tentative Methods of Testing Pile Floor Covering (D 418-36 T), revised as 
appended hereto.? 


IV. Proposed Revisions of Standards.—The committee recommends 
for publication as tentative, revisions of the Standard General Methods of 
Testing Woven Textile Fabrics (D 39 —- 36), as proposed in the Appendix. 

The committee is recommending revisions in the following five stand- 
ards for adoption immediately and accordingly asks for the necessary nine- 
tenths vote at the annual meeting in order that they may be referred to 
letter ballot of the Society for immediate adoption as standard: 


Standard Specifications for Textile Testing Machines (D 76-36), revised as 
proposed in the Appendix, 

Standard General Methods of Testing and Tolerances for Cotton Yarns and 
Threads (D 180 — 36), revised as proposed in the Appendix, 

Standard Specifications and Methods of Test for Asbestos Yarns (D 299 - 36), 
revised as proposed in the Appendix, 

Standard Specifications and Methods of Test for Asbestos Roving for Electrical 
Purposes (D 375 — 36), revised as appended hereto,? and 

Standard Specifications and Methods of Test for Asbestos Tape for Electrical 
Purposes (D 315 — 36), revised as proposed in the Appendix. 


V. Adoption of Tentative Standards as Standard.—The committee is 
proposing revisions in three of the following four tentative standards and 
fecommends that these methods be approved for reference to letter ballot of 
the Society for adoption as standard: 


See p. 1243. 2 See p. 1235. 
*These revised specifications and methods of test were adopted as standard by the Society and appear 
in * 1937 Supplement to Book of A.S.T.M. Standards, p. 255.—Eb. 
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Tentative Methods of Test for Fineness of Wool (D 419-35 T), 

Tentative Method of Test for Fastness of Dyed or Printed Cotton Fabrics to 
Laundering or Domestic Washing (D 435 - 36 T), revised as proposed in 
the Appendix, 

Tentative Method of Test for Fastness of Dyed or Printed Silk or Rayon Fabrics 
to Laundering or Domestic Washing (D 436 — 36 T), revised as proposed in 
the Appendix, and 

Tentative Methods of Test for Small Amounts of Copper and Manganese in 
Textiles (D 377 - 36 T), revised as appended hereto.' 


TABLE I.—ANALYsSIS OF LETTER BALLOT VOTE. 


Items 


I, Proposgp Tentative STaNDARDS 
Methods of Test for Wool Felt 
Methods of Testing and Tolerances for Certain Wool and Part Wool Fabrics 
Methods of Test for Volumetric Determination of Small Amounts of Copper in Textiles 


Il. Proposep New Sranparp 
Specification and Methods of Test for Tire Fabrics Other than Cord Fabrics 


III. Proposzp Revisions or Tentative StanpaRDSs 
Definitions and Terms Relating to Textile Materials (D 123 - 36 T) 
Methods of Testing and Tolerances for Rayon (D 258 - 35 T) 


on for te Identification of Fibers in Textiles and for the Quantitative Analysis of Textiles 
276 - 

General Methods of Test for Properties of Cotton on va heuil 35 T) 

Methods of Testing Pile Floor Covering (D 418 - 36 T uti ni 


IV. Proposep Revisions or STANDARDS 
General Methods of Testing Woven Textile Fabrics (D 39 - 36) ’ 
ifications for Textile Testing Machines (D 76 - 36), immediate adoption : 
General Methods of Testing and Tolerances for Cotton Yarns and Threads (D 180-36), im- 
mediate adoption 
Specifications and Methods of Test for Asbestos Yarns (D 299 - 36), immediate adoption. . 
Specifications and Methods of Test for Asbestos Roving for Electrical Purposes (D 375 - 36), 
immediate adoption 
Specifications and Methods of Test for Asbestos Tape for Electrical Purposes (D 315-36), 
immediate adoption 


V. Apoption or Tentative STANDARDS aS STANDARD 
Methods of Test for Fineness of Wool (D 419 - 35 T) ° . 
Method of Test for Fastness of Dyed or Printed Cotton Fabrics to Laundering or Domestic 
Method of Test for Fastness of Dyed or Printed Silk or Rayon Fabrics to Laundering or Domestic 
Methods of Test for Small Amounts of Copper and Manganese in Textiles (D 377-36 T), as 


VI. Wrraprawat or Stanparps 
Methods of Testing and Tolerances for Tire Fabrics Other than Cord Fabrics (D 122 - 33) 
Specifications and Methods of Test for Chafer Tire Fabrics (D 316-34) with existing tentative - P 50 
28 0 


VI. Withdrawal of Standards.—The committee recommends the with- 
drawal of the following standards: 


Standard Methods of Testing and Tolerances for Tire Fabrics Other than Cord 
Fabrics (D 122 — 33), 

Standard Specifications and Methods of Test for Chafer Tire Fabrics (D 316- 34), 
and the pending tentative revision, and 

Standard Specifications and Methods of Test for Enameling Duck for the Tire 
Industry (D 336 — 33). 


' These revised methods of test were adopted as standard by the Society and appear in the 1937 Supple- 


ment to Book of A.S.T.M. Standards, p. 269.—Eb. 
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On TExTILE MATERIALS 


These three standards have been consolidated in one standard which 
is being recommended for immediate adoption as standard. 


VII. Tentative Standards Continued as Tentative-—The committee 
recommends that all other tentative standards under its jurisdiction not 
specifically referred to be continued as tentative for another year. 

The recommendations appearing in this report have been submitted 
to letter ballot of the committee which consists of 185 members; 78 members 
have returned their ballots, with the results shown in the accompanying 
Table I. 

ACTIVITIES OF SUBCOMMITTEES 


Subcommittee A-1 on Cotton and Its Products (K. B. Cook, chairman): 

Section I on Cotton (R. W. Webb, chairman).—This section is present- 
ing for publication tentative revisions, as given in the Appendix, of the 
Tentative General Methods of Test for Properties of Cotton Fibers (D 414 - 
35 T) to remove ambiguities, incorporate improvements and to improve the 
clearness and convenience of use of these methods. 

The section is continuing its work of developing more rapid and more 
practical methods for determining the important fiber properties as well as 
tests for properties which at present are not included in the methods. 

In line with this section’s educational program a paper entitled “ Appli- 
cation of Certain Chemical Methods to the Determination of Quality of 
Raw Cotton,” by Carl M. Conrad, was presented at the October meeting. 

Section II on Cotton Yarns and Threads (A. C. Clifford, chairman).— 
This section is recommending for immediate adoption as standard a revision, 
as given in the Appendix, of the Standard General Methods of Testing and 
Tolerances for Cotton Yarns and Threads (D 180-36). This revision 
changes the tolerances for the standard temperature to the present generally 
accepted values. 

The section is developing a method for the determination of yardage 
of thread or yarn in a package under uniform and controlled tension by 
means of a measuring device which it has recently perfected. Work is 
being continued on an ‘‘evenness” test for yarns. A study of the moisture 
regain of cotton yarns and threads and a survey of testing methods for 
heavily plied yarns will be undertaken. 

Section IIT on Light and Medium Cotton Woven Fabrics (R. T. Fisher, 
chairman).---This section is studying the Tentative Methods of Testing and 
Tolerances for Certain Carded Cotton Gray Goods (D 433-36 T) to 
determine its practicability to users in its present form. Investigations 
are being conducted on methods for the determination of sizing in gray 
and finished fabrics. 

Section IV on Tire Fabrics (Martin Castricum, chairman).—This 
section has combined the three existing standard specifications and methods 
of tests for tire fabrics other than cord fabrics into a single standard, as 
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486 REPORT OF COMMITTEE D-13 
described earlier in this report, which is recommended for immediate 
adoption. 

The section is undertaking a thorough revision of the remaining stand- 
ards under its jurisdiction and is continuing its active cooperation with 
Section II on Machines, of Subcommittee B-1, in the development of a 
dynamic calibration method for horizontal type testing machines for deter- 
mining the strength of textiles. An interlaboratory study of the accuracy 
of present methods of determining twist in single yarns is also under way 


Subcommittee A-2 on Rayon and Its Products (A. M. Tenney, chairman): 


This subcommittee sponsored a very successful Symposium on Rayon 
at the October, 1936, meeting. Several important papers were presented 
which are listed later in this report under the activities of Subcommittee 
B-6 on Papers. 

Section I on Rayon (A. M. Tenney, chairman).—This section is pre- 
senting revisions for publication as tentative, as given in the Appendix, of 
the Tentative Methods of Testing and Tolerances for Rayon (D 258 — 35 T). 
These revisions have been made necessary through recent improvements 
in the technique of testing rayons. 

Section II on Rayon Fabrics (Alexis Sommaripa, chairman).—This 
section is actively engaged in developing methods of testing spun rayon 
fabrics, particularly with regard to wrinkling and bulging. 

Subcommittee A-3 on Wool and Its Products (G. FE. Hopkins, chairman): 


This subcommittee has authorized certain editorial changes in three 
of the standards under its jurisdiction, namely, the Standard Method of 
Estimating Hard Scoured Wool in Wool in the Grease (D 232 — 36),' the 
Standard Methods of Testing and Tolerances for Woolen Yarns (D 403 - 
36)! and for Worsted Yarns (D 404-36).! The terms ‘free fat” and 
“soap fat” are to be changed to “ether extract” and “alcohol extract,” 
respectively. These changes are intended to designate more accurately 
the fat components present in the materials involved, and have been 
approved by letter ballot of the subcommittee. 

Section I on Wool (Werner Von Bergen, chairman) .—This section is 
recommending the adoption as standard of the Tentative Methods of 
Test for Fineness of Wool (D 419-35 T). 

The section is working on the development of methods for determina- 
tion of shrinkage in grease wool, length of wool top, and identification and 
grading of mohair and other specialty hair fibers. 

Section IT on Felt (J. ¥. Marshall, chairman).—This section is present- 
ing proposed Tentative Methods of Test for Wool Felt, as appended hereto,’ 
These methods were developed to meet a demand from the industry. 

Section III on Woolen and Worsted Yarns (Fred Noechel, chairman).— 
This section is reviewing the present standards under its jurisdiction and 

1 1936 Book of A.S.T.M. Standards, Part II, pp. 1385, 1388, 1393. 
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On TEXTILE MATERIALS 
developing methods of testing and tolerances for yarn spun from wool 
mixed with other fibers. A study is being made of the number of tests 
ecessary to properly evaluate the breaking strength of a yarn. 

Section IV on Pile Floor Coverings (A. G. Ashcroft, chairman) .-—This 
section is presenting for publication revisions, as appended _hereto,} 
of the Tentative Methods of Testing Pile Floor Covering (D 418 — 36 T) 
to include provisions for color fastness to light. The section is working 
on the development of wear test methods, chemical tests, methods for tuft 
bind measurement, definitions, and revision of standards to include statis- 
tical data on precision of test methods. 


Section V on Woolen and Worsted Fabrics (¥. A. Prisley, chairman).— 
This section is presenting proposed Tentative Methods of Testing and 
Tolerances for Certain Wool and Part Wool Fabrics which, in part, agree 
in substance with the Recommended Commercial Standard for Wool and 
Part Wool Fabrics (TS — 2300) promulgated by the U. S. Department of 
Commerce. These methods fill a need of the wool and worsted industry 
for methods supplementary to the present Standard General Methods of 
Testing Woven Textile Fabrics (D 39-36). The section has further test 
methods under consideration.? 

Subcommittee A-4 on Asbestos and Its Textile Products (F.S. Mapes, chair- 
man): 

This subcommittee is recommending for immediate adoption revisions 
of the Standard Specifications and Methods of Test for Asbestos Yarns 
(D 299 — 36), for Asbestos Roving for Electrical Purposes (D 375 — 36), 
and for Asbestos Tape for Electrical Purposes (D 315 — 36). The changes 
reduce the chemical test specimen for the determination of asbestos 
content to a more workable size. . 

The subcommittee is undertaking the development of a resistivity 
test for asbestos materials for electrical purposes, a revision of the Standard 
Specifications D 315 to include data for 10-mil tape, and a survey of test 
methods for asbestos brake linings and woven asbestos cloth. 

Subcommittee A-5 on Bast Fibers and Their Products (A. R. Howe, chair- 
man): 

This subcommittee is actively at work gathering fundamental data 
preparatory to developing methods of test and definitions. Studies are 
being carried out on breaking strengths, fiber length determination, and 
numbering of jute yarns. 

Subcommittee A-6 on Household and Garment Fabrics (Ruth O’Brien, chair- 
man): 

This subcommittee is working toward the development of a standard 
system of classification and nomenclature of fabrics, the establishment of 


p. 1235. 
See Editorial Note, p. 490.—Ep, 
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standard definitions for household fabrics, and a standard system for 
rating qualities of woven dress fabrics. 


Subcommittee B-1 on Methods and Machines (W. D. Appel, chairman): 


Section I on Methods (W. D. Appel, chairman).—This section is recom- 
mending revisions for publication as tentative, as given in the Appendir, 
of the Standard General Methods of Testing Woven Textile Fabrics (D 39 
36) to provide needed methods for determination of bow in fabrics and 
twist in yarns removed from fabrics. The addition of the sulfuric acid 
method of determining wool in mixtures of wool and cotton, appended 
hereto,! to the Tentative Methods for the Identification of Fibers in Textiles 
and for the Quantitative Analysis of Textiles (D 276-35 T) is being 
recommended. 

The section is studying methods for tearing strength of fabrics and for 
the quantitative analysis of fiber mixtures. 

This section, together with Section II, is sponsoring a Symposium 
on Testing Methods for the October, 1937, meeting of Committee D-13. 

Section II on Machines (H. J. Ball, chairman).—This section is recom- 
mending, for immediate adoption, a revision of the Standard Specifications 
for Textile Testing Machines (D 76-36), as proposed in the Appendix, 
which consists of a clarification of the specification for single-strand clamps 
and the addition of a performance requirement for the determination of 
flatness and parallelism of the jaw surfaces. 

The section is studying the effect of rate of application of load, when 
using Type B machines, on strength and elongation of cotton yarns. The 
work on specifications for diaphragm bursting testers is being continued. 
Specifications for the other textile testing machines, such as twist and crimp 
testers, yarn reels, numbering scales, drying ovens, etc., will be developed. 

Section III on Atmospheric Conditions (R. H. Brown, chairman). 
This section is reviewing the existing standards and tentative standards 
with respect to requirements for atmospheric conditions and regains. A 
study is being made of the time for test specimens to reach equilibrium in 
the standard atmosphere. 

The section sponsored a very successful Symposium on Atmospheric 
Conditions at the March, 1937, meeting. ‘The titles of the symposium 
papers are listed under the report of Subcommittee B-6 on Papers. 


Subcommittee B-2 on Nomenclature and Definitions (A. L. Brassell, chair- 
man): 

This subcommittee recommends a revision, as appended hereto, of 
the Tentative Definitions and Terms Relating to Textile Materials (D 123 - 
36 T). By this revision several new definitions are added, relating chiefly 

1 See p. 1187 


2 The new and modified terms have been incorporated in the revised tentative definitions which appeat 
on pe 1243.—Eb. 


| 
unc 
Sul 
: pos 
An 
rev 
Te 
36 
tex 
ha 
of 
= wh 
Ce 
fol 
De 
sti 
an 
al 
at 

te 
Il 

\ 


TEXTILE MATERIALS 


to wool. The subcommittee also has a number of additional definitions 
under consideration. 


Subcommittee B-4 on Bleaching, Dyeing and Finishing (W. M. Scott, chair- 
man): 

This subcommittee is presenting for publication as tentative the pro- 
posed Tentative Method of Test for Volumetric Determination of Small 
{mounts of Copper in Textiles, as appended hereto.' This method is a 
revision of the procedure now appearing in the Tentative Methods of 
Test for Small Amounts of Copper and Manganese in Textiles (D 377 - 
36 T). Revisions of the colorimetric tests for copper and manganese in 
textiles in the Tentative Methods D 377 are also proposed, and these changes 
have been incorporated in the Methods for Colorimetric Determination 
of Small Amounts of Copper and Manganese in Textiles, appended hereto, 
which are recommended for adoption as standard. 

The subcommittee is also presenting revisions, as given in the Ap- 
pendix, of the Tentative Method of Test for Fastness of Dyed or Printed 
Cotton Fabrics to Laundering or Domestic Washing (D 435 - 36 T) and 
for Fastness of Dyed or Printed Silk or Rayon Fabrics to Laundering or 
Domestic Washing (D 436 —- 36 T) and is recommending their adoption as 
standard. 

The subcommittee is developing methods of test for water resistance 
and fastness to light, and a general method for determining the acidity or 
alkalinity of textiles. 

The subcommittee will sponsor a Symposium on Finishing to be held 
at the March, 1938, meeting of Committee D-13. 


Subcommittee B-5 on Sampling, Presentation and Interpretation of Data 
(A. G. Ashcroft, chairman): 


This subcommittee is working on procedures by which the precision of 
test methods and number of test specimens required may be specified. 
lilustrative papers and articles will be presented periodically. 

Two reports were given at the March, 1937, meeting as examples of 
methods of determining precision of a test method. ‘These were entitled 
“Statistical Interlaboratory Check on Tuft Length Measurement of Pile 
Floor Coverings,” by J. N. Dow, and “The Precision of the Method for 
Measuring Back Thickness of Pile Floor Coverings,” by O. P. Beckwith. 


Subcommittee B-6 on Papers (Dean Harvey, chairman): 


This subcommittee arranged for the presentation of the following 
papers at the interim meetings of Committee D-13: 


1 See p. 1240. 

* These methods were adopted as standard by the Society and appear in the 1937 Supplement to Book 
of A.S.T.M. Standards, p. 269.—Ep. 
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“The Testing of Rayon Yarns,” by A. Stuart Hunter, 

“‘Rayons as Consumers View Them,” by Ephraim Freedman, 

“‘Stereo-Radiography of Textiles,” by H. F. Sherwood, : 

“The Use of Statistical Methods as an Aid to the Control of Quality of Materials 
by Dean Harvey, 

“Importance of Atmospheric Conditions in Testing Textile Materials,” by R. H 
Adams, 

“Importance of Atmospheric Conditions in Testing Wool,” by A. G. Ashcroft, 

“Effect of Atmospheric Conditions in Testing Rayon,” by A. G. Scroggie, 

“The Role of Atmospheric Conditions in the Testing of Asbestos Textiles,” by 
David Wolochow, 

“The Mechanics of Moisture Absorption by Textiles,” by A. C. Walker, and 

“Regain in Textile Materials,” by R. H. Brown. 


REPORT OF COMMITTEE D-13 


_ Arrangements were also made for formal discussions of Dean Harvey’s 
paper by G. E. Hopkins, O. P. Beckwith, A. G. Scroggie and L. R. Jones 
who presented, by means of actual data, illustrations of the use of sta- 
tistical methods in quality control; and for discussion of R. H. Brown’s 
paper by G. E. Hopkins, W. D. Appel and A. C. Clifford. Abstracts of 
the above papers are being prepared for publication in the 1937 edition of 
the volume of “A.S.T.M. Standards for Textile Materiais.”” The sub- 
committee is planning a Symposium on Testing Methods for October, 
1937, and a Symposium on Finishing for March, 1938. 


= 


This report has been submitted to letter ballot of the committee 
which consists of 185 members; 78 members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of the committee 7 
H. J. Batt, 


Chairman. 


| 


W. H. Wuitcomes, 
Secretary. 


EpiTor1AL NoTE 


Subsequent to the annual meeting Committee D-13 on Textile Materials pre- 
sented to the Society through Committee E-10 on Standards proposed Tentative 
Specifications and Methods of Test for Fineness of Wool Tops. These specifications 
were accepted by Committee E-10 on August 26, 1937, and appear on p. 1218. 
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APPENDIX 


PROPOSED REVISIONS IN STANDARDS FOR TEXTILE MATERIALS 


In this Appendix are given proposed revisions in certain standards and 
tentative standards covering textile materials which are referred to earlier 
in this report. In connection with each title is given the reference to the 
publication in which the standard appears in its present form. 


Proposed Revisions of Tentative Standards 


Revision of Tentative Methods of Testing and Tolerances for Rayon (A.S.T.M. 
Designation: D 258 — 35 T):! 


Section 2 (a).—Change this section to read as follows by the omission 
of the words in brackets: 

2. (a) Rayon.—A generic term for filaments made from various solutions of modi- 
fied cellulose by pressing [or drawing] the cellulose solution through an orifice, and 
solidifying it in the form of a filament. 

Section 5.—Change this section to read as follows by the addition of 
the italicized words: 

5. The denier of a rayon yarn is numerically equal to the weight in grams of 
9000 m. 

Section 10 (b).—Change this section from its present form: namely, 

(b) Ultimate tensile strength, or tensile strength at the highest yield point, may 
be specified. 
to read as follows: 


(6) Tensile strength at break, or at the yield point, may be specified. Tensile 
strength shall be expressed as the number of grams per denier of the yarn before 


testing. 

Section 13 (c).—Add the following sentence at the end of the Note 
following this section: 

The methods given in this section for removing ‘other foreign substances” are 
hot suitable for complete removal of materials insoluble in these solvents. 

Section 14 (a).—Change this section and the Note to read as follows 
by transferring the third and fourth sentences of this section to the end of 
the Note and omitting the words in brackets, relettering Paragraph (0) as (a): 

(b) If sufficient sample of rayon yarn is available, the denier and the filament 


count shall be determined. These values shall be compared with the various numbers 
offered for sale commercially by the different manufacturers of rayon. 


of raceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 1233 (1935); also 1936 Book of A.S.T.M. Tenta- 
ve Standards, p. 1213. 
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Note.—This test is valuable only when the sample is known to be material of fair! 
recent manufacture and is known to be a commercial product, not an experimental lot 
Occasionally, [as in the case of very fine denier] this will definitely determine the type of 
rayon yarn. At other times, it merely limits the number of possibilities and, on occasior 
is of no assistance. 

Section 15 (a).—-Change the last sentence of the last paragraph in 
this section to read as follows by the addition of the italicized words and 
the omission of those in brackets: 

Partially saponified or hydrolyzed cellulose-acetate rayon [partly dissolves] may 
be partly or completely insoluble in the solvents described above. 


Section 17 (b).—-At the end of the first sentence in this section insert 
the phrase “‘suitable sectioning device” in place of the words “Schwarz 
sectioning plate”; also omit the footnote. 

Change the second paragraph of this section to read as follows by the 
addition of the italicized words and the omission of the word in brackets: 


Viscose rayon usually has an irregular serrated edge, cuprammonium rayon is 
almost round and has a [serrated] smooth, unserrated edge. 


Section 19.—Change the first sentence of this section to read as follows 
by the addition of the italicized words and the omission of those in brackets: 

A test skein of 200 turns of yarn shall be reeled, using any reel employing a straight 
wind traverse having a perimeter of 112.5 cm. [may be used] 

Change the second sentence of the Note under this section to read as 
follows by the addition of the italicized words and the omission of the word 
in brackets: 

Each skein [must] may contain 200 turns as before if strength tests are to be subse- 
quently made on it. 

Add the following paragraph at the end of the Note: 


When test skeins of 200 turns of yarn are not required for the strength test, the 
length of skeins reeled on the cotton reel may be 246 yd. (225 m.), or 492 yd. (450 m.) 
if desired. These skeins shall be weighed in accordance with Section 19. 


Section 25.—Add the following sentence at the end of this section: 


___ Denier skeins to be used for the strength test shall be removed from the reel 
after collapsing the reel sufficiently to prevent stretching or damage before being 
placed in the tensile testing machine. 


Section 26.--Change this section from its present form: namely, 


26. The test skeins shall be conditioned for at least 3 hr. in an atmosphere, kept 


in rapid motion by an electric fan, having a relative humidity of 65 per cent at 70F. 
(21 C.). 


to read as follows: 


26. (a) The test skeins shall be conditioned to a moisture equilibrium in an 
atmosphere having a relative humidity of 65 per cent at 70 F. (21 C.). A tolerance 
of +2 per cent is permitted in relative humidity and plus 10 F. (6 C.) in temperature. 

(b) It shall be considered that moisture equilibrium is reached when, after free 
exposure to the atmosphere kept in rapid motion by an electric fan, there is no pro- 
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sressive increase in weight. Moisture equilibrium shall be approached from the dry 
ie (not moisture free). 


Note.—It is believed that test skeins will reach moisture equilibrium after such expo- 
re for a 3-hr. period. 


Section 28.—Change the first sentence of this section to read as follows 
y the addition of the italicized word and the omission of the phrase in 
brackets: 
[Immediately after conditioning (Section 26),] The conditioned test skeins shall 
eparately broken on the testing machine. 


Sections 30, 31 and 32.—Change these sections from their present form 
to read as follows: 


30. Apparatus.—(a) A single strand tester of proper capacity with the jaws 
t 18 in. between grips shall be used. 

(b) The speed of the pulling jaw of a pendulum type testing machine shall be 
12 +} in. per min. 

(c) The speed of operation of a constant specimen-rate-of-load type testing 
machine shall be such that the rate of application of the load shall be 4 g. per denier 
per min. 

31. Procedure, Alternate Method.—Five single strands from each of 10 spools, 
cops, tubes, cones, or skeins shall be broken after conditioning the package in accord- 
ance with Section 26. 

Note.—It is believed that the packages will reach moisture equilibrium after condi- 
tioning in accordance with Section 26 for a 3-hr. period for skeins and for a 12-hr. period 
for any other form of package. 

32. Number of Tension Tests——The average of 50 tests free from breaks at the 
jaws shall be the strength. 


Revision of Tentative Methods for the Identification of Fibers in Textiles and for 
the Quantitative Analysis of Textiles (D 276 — 35 T):' 


New Sections.—Add as new Sections 9 and 10 the following method for 


the determination of wool and cotton in wool-cotton mixtures: 
Wool, Sulfuric Acid Method? 


9. (a) The residue from the test for regenerated cellulose rayon (Section 6), 
which contains cotton and wool, shall be immersed in 200 ml. of a boiling sulfuric 
cid solution (which has been carefully prepared to contain 1 per cent of H,SO, by 
weight) for 7 to 10 min. It shall then be transferred to a crucible having a medium 
intted glass bottom and the excess acid solution shall be removed by suction. (A 
Sooch crucible, without asbestos, may be used to advantage for the filtrations if the 

quors passing ‘through at first are returned to the crucible so that all fibers are col- 
ected in the pad which forms in the crucible.) The specimen shall be immersed in 
4 ml. of a solution of sulfuric acid (which has been carefully prepared to contain 
0 per cent of H.SO, by weight) at a temperature of 43 C. for 10 min. The undis- 
solved fibers shall be collected in the crucible and thoroughly washed with cold water, 
immersed in 2 solution of sodium bicarbonate (2 per cent) at room temperature for 5 
min. to neutralize any acid, collected again in the crucible, washed, and dried at 105 


Tene 2oceedings, Am. Soc. _Testing Mats., Vol. 35, Part I, p. 1215 (1935); also 1936 Book of A.S.T.M. 
Standards, p. 


method ol ay . substance with the method developed by the American Association of Textile 
Chemists and Colorists. 
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to 110 C. to constant weight. The weight of the dried residue from this treatment 


to 
is weight H. | 
(b) If it is not necessary to subject the specimen to the procedures given in that 
Sections 3 to 6, inclusive, the specimen shall be prepared and treated in accordance one-t 
| with Paragraph (a) with the following exceptions: Tightly woven, knit, or felt material midy 
shall be cut into strips 4 to } in. in width. Highly twisted yarns shall be partially 4s 1 
untwisted. A specimen weighing approximately 2 g. shall be taken for the test. ad 
It shall be dried to constant weight at 105 to 110 C. in accordance with Section 3 (b), ‘mm: 
The weight of the dried specimen is weight B. befor 
(c) The wool content of the specimen shall be caiculated from the following 
formula: 
in t 
Wool (dry basis), per cent = B x 100 
where B = the weight of the dry specimen (Section 3 (b)), and 
H = the weight of the dry specimen after removal of cotton. 
Cotton 
. 10. The cotton content of the specimen shall be calculated from either Eq. (1), t 
if the specimen has been treated in accordance with Sections 3 to 6 inclusive, or Eq. (2), wit 
if the specimen has been analyzed only for wool and cotton, as follows: the 


Cotton (dry basis), per cent = 


B-H 
Cotton (dry basis), per cent = (2) 
where B = the weight of the dry specimen (Section 3 (6)), 
F = the weight of the dry residue (Section 6 (a)), and 
H = the weight of the dry specimen after removal of cotton. 7 


Revision of Tentative General Methods of Test for Properties of Cotton Fibers 
(A.S.T.M. Designation: D 414 - 35 T):! 


Section 16 (b)..-Change this section to read as follows by the addition 
of the italicized words: 


(b) The mount shall be placed on the mechanical stage of the microscope which 
shall be equipped with a filar micrometer eyepiece. 


Section 17.-Change this section to read as follows by the addition of 
the italicized figure and the omission of that in brackets: 


17. The fibers shall be examined near their mid-portion at a magnification of 
approximately [100] 400 diameters. 


Section 18 (b)..Change this section from its present form: namely, 


(b) For the purpose of this test, thin-walled or immature fibers are those that 


upon treatment with 18 per cent caustic soda exhibit many spirals. (Figure 5 shows Pi 
photomicrographs of thin-walled or immature fibers as compared with medium and 
thick-walled fibers. ‘The appearance of these fibers before and after treatment 1s 
shown for purposes of reference.) bi 
____ } Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 1202 (1935); also 1936 Book of A.S.T.M. Tenta D 
tive Standards, p. 1186. 
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to read as follows: 


(b) For the purpose of this test, thin-walled or immature fibers shall be those 
that upon treatment with NaOH solution (18 per cent) show a fiber wall less than 
one-half the width of the adjacent lumen at the widest part of the fiber ribbon, that is, 
midway between two edge-on positions of the ribbon. All other fibers shall be classed 
ag mature or thick-walled fibers. Doubtful classification shall be decided with the 

id of the filar micrometer. (Figure 5 shows photomicrographs of thin-walled or 
immature fibers as compared with thick-walled fibers. The appearance of these fibers 
before and after treatment is shown for purposes of reference.) 


Figures 1 and 2.—Delete the following from the record forms shown 
in these figures: 
Variability of the Middle 80 Percentile 
Variability of the Middle 50 Percentile 
Figure 3.—Change the word “coefficient of variability’? which appears 
in the record form in this figure to read “‘coefficient of variation.” 
Figure 4.—Replace this figure, which shows a facsimile of record form 
with data and calculations for determination of the immaturity count, by 
the accompanying Fig. 1. 


Porn no. 37 FIBER IMMATURITY COUNT -- MEAN PERCENT AND VARIABILITY 


Project__ 22 Probles title GLa 212g. «Sample no. 
Letter ident{fication 


Imaturity counts] Length in | Mean (p) (oe) 
1/16 in. . | maturity 
(a) (b) (L) te) (f/4npq) |Aswumed 
f P 

41 Corrections_222 LA 
Stand. Bev. 
Stand. dev. (mean) 


Coef. of variation 2222 


Classer's length 


46 
+ Upper quartile length 


Fibers observed by 
bs 
y2 Date /-/0-34 


32 


J7 
36 Date 


67 : Coecked by — 


Date £22 


Totale [827° 72 94 


Fic. 1.—Facsimile of Record Form with Data and Calculations for Determination of the 
Immaturity Count. 


Table I.—Change this table on corrections applicable to machine 
breaks for cottons from its present form to read as shown in the accom- 
panying Table I. 
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TABLE I.~-CORRECTIONS APPLICABLE TO MACHINE BREAKS FOR Cottons HAviInG Dirt 
ENT MEAN CORRECTED MACHINE BREAKS* AND CIRCUMFERENCES DEVIATING 
FROM STANDARD CIRCUMFERENCE. ? ¢ 


: — of Corrections in Pounds Applicable to Cottons Having Average Corrected Machine Break of 
Arcumier- 
ence from 
Standard, in. | 69 1b. | 65 1b. | 70 Ib. | 75 Ib. | 80 1b. | 85 1b. | 90 1b. | 95 1b, |100 tb.|105 tb.|110 b.|115 Ib.|120 Ib.1125 
Saar 0 1 1 1 1 1 1 1 1 1 1 1 1 2 
ivescees 1 1 1 1 2 2 2 2 2 2 3 3 3 3 
SL 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5 
i Sarr 2 2 3 3 3 4 4 4 5 5 5 6 6 6 7 
0.005... 2 3 3 4 4 4 5 5 6 6 7 7 7 ~ 8 
J] See 3 3 4 4 5 5 6 6 7: 7 8 8 9 9 10 
S ee 3 4 4 5 6 6 7 7 8 g i) 10 10 ll 12 
| === 4 4 5 6 6 7 8 8 i) 10 10 ll 12 12 | 
- RES a 5 6 6 7 8 9 yg 10 il 12 13 13 4 15 
eeniices 5 5 6 7 8 9 10 11 ll 12 13 14 15 16 16 
@ The mean corrected machine break is obtained by a first approximation, by allowing 1 Ib. for each 0.001-in. deviation of 
> the mean circumference from standard circumference (0.125 in.). ‘This determines the proper column for the corrections. 
> Bundles smaller than standard circumference require that the corrections be added; those larger than standard require 
that the corrections be subtracted. 


© The corrections are calculated by means of the formula R = 0.01690 Bs — 0.55; where Bs is the mean machine break 
for bundles of standard circumference, and R is the correction for each 0.001-in. deviation of circumference from standard. 


Revision of Tentative Method of Test for Fastness of Dyed or Printed Cotton 
Fabrics to Laundering or Domestic Washing (A.S.T.M. Designation: D 435- 


36 T):! 
Section 4.—Change this section to read as follows by the addition of 
| the italicized words and the omission of those in brackets: 


4. The soap solution shall contain 5 g. of 88 per cent soap and 2 g. of 58 per cent 
soda ash per liter. The soap shall be a good grade of neutral [white chip] soda soap, 
as free as possible from all substances other than true soap. [Although] The propor- 
tion of soap is calculated on the basis of an 88 per cent soap chip, but an equivalent 
amount of a soap having a higher or lower strength may be used. Distilled water, 
or water of approximately zero hardness (not over 5 p.p.m.), shall be used to dissolve 
the soap. 


Section 5.—Change the last sentence of Paragraph (a) of this section 
to read as follows by the addition of the italicized words and figures and 
the omission of those in brackets: 

The specimens shall then be removed from the jars, rinsed [thoroughly in warm 
distilled water 100 to 110 F. (38 to 43 C.)] carefully to insure complete removal of the 
soap, in three changes of water of approximately zero hardness at 100 F. +2 F. (38 C. 
+ 1 C.), allowing inot over 1 min. for each rinsing and squeezing between rinsings, and 
then wrapped in a clean white towel or similar cloth. 


Add the following sentence at the end of Paragraph (b) of this section: 


The operations of rinsing and drying shall be performed with as little time interval 
_ between each operation as possible. 


Section 7 (b).—Change the Note following this section to read as 
= by addition of the italicized words and the omission of those in 


brackets: 
{ Note.—Standard dyeings [have been prepared by] are obtainable from the Secretary of 


———— Association of Textile Chemists and Colorists [and are available for genera 
use}. 


| Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1140 (1936); also 1936 Book of A.S.T.M. Tenta- 
Standards, p. 1199. 
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Revision of Tentative Method of Test for Fastness of Dyed or Printed Silk or 

Rayon Fabrics to Laundering or Domestic Washing (A.S.T.M. Designation: 

D 436 — 36 T):! 

Title-—Change the title to read as follows by the addition of the 
italicized word: 

Tentative Method of Test for Fastness of Dyed or Printed Wool, Silk or Rayon 
Fabrics to Laundering or Domestic Washing. 


Section 1.—-Add the word ‘‘wool”’ before silk. 


Section 2 (b).—Change the last sentence of this section to read as 
follows by the addition of the italicized words and the omission of those in 
brackets: 


To the test specimen shall be sewed pieces, [1-in. square] approximately 1 sq. in. 
in size, of unsized bleached cotton and undyed silk, wool, rayon and cellulose acetate 
fabrics. 

Section 4.—Change this section to read as follows by the addition of 
the italicized words and the omission of those in brackets: 


4, The soap solution shall contain 5 g. of 88 per cent soap per liter. The soap 
shall be a good grade of neutral [white chip] soda soap, as free as possible from all 
substances other than true soap. [Although] The proportion of soap is calculated 
on the basis of an 88 per cent soap chip, but an equivalent amount of a soap having a 
higher or lower strength may be used. Distilled water, or water of approximately 
zero hardness (not over 5 p.p.m.), shall be used to dissolve the soap. 


Section 5.—Make the same change in Paragraph (a) of this section as 
recommended above in Section 5 (a) of Tentative Method D 435 — 36 T. 

Change Paragraph (6) of this section to read as follows by the addition 
of the italicized words and the omission of those in brackets: 

(b) Drying.—The excess water shall be removed by centrifuging or squeezing. 
The specimens shall be taken out of the towel and if composed of silk or rayon they 
shall be dried by pressing with a moderately warm, not hot, iron or a flat-plate ironer 
set to about 275 F. (135 C.). If the specimens are composed of wool they shall be dried 
in a current of air at room temperature. After {ironing} drying, the specimens shall be 
allowed to condition in the open air for 2 hr., or until the colors reach a stable condi- 
tion. The operations of rinsing and drying shall be performed with as little time interval 
between each operation as possible. 

Section 7 (b).+Make the same change in the Note following this sec- 
tion as recommended above in the Note following Section 7 (b) of Ten- 
tative Specifications D 435 — 36 T. 


Proposed Revisions of Standards, Immediate Adoption 


Revision of Standard Specifications for Textile Testing Machines (A.S.T.M. 
Designation: D 76 — 36):? 


Section 4.—Change this section from its present form: namely, 
4. The jaws or clamps for testing a specimen of fabric shall have smooth, flat, 
metallic, gripping surfaces, with the edges rounded to a radius of not over ¢ in. to 


' Proceedings, om. Hee. Testing Mats., Vol. 36, Part I, p. 1154 (1936); also 1936 Book of A.S.T.M. Tenta- 
tive Standards, p. 


21936 Book St AST. M. Standards, Part II, p. 1291. 
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prevent cutting. One gripping surface shall be hinged or swiveled, and the other 
: shall be rigidly connected to the frame of the jaw. The pressure between the gripping 


surfaces shall be secured by any suitable mechanical device so constructed as to grip Tent 
the specimen firmly before the testing load is applied and to prevent slippage during | 
: the progress of the test. The dimension of all gripping surfaces parallel to the direc. 
| tion of application of the load shall be 1 in.; the dimension perpendicular to this 
direction shall be as specified for the particular type of test under consideration. 
» to read as follows: a 
. 4. The clamps for holding a specimen of fabric shall have metallic gripping sur- there 
; faces sufficiently smooth, flat and parallel so as to prevent the test specimen from by ti 
p slipping or moving between the gripping surfaces when held under the pressure normal ssed 
} to operation. The dimension of all gripping surfaces parallel to the direction of dime 
application of the load shall be 1 in.; the dimension perpendicular to this direction 
shall be as specified for the particular type of test under consideration. All edges to re 
which might cause a cutting action shall be rounded to a radius of not over gy in. 
The design of the clamp shall be such that one gripping surface shall be an integral ions 
part of the rigid frame of the clamp, while the other shall be on a part hinged or is ap 
swiveled to the movable member of the clamp. The pressure between the gripping shall 
surfaces, sufficient to clamp the specimen firmly before the testing load is applied appr 
and to prevent slippage during the progress of the test, shall be secured by any suit- shall 
ably constructed mechanical device operating on the movable member of the clamp. lar t 
Note.—As a practical method of determining the degree of flatness and parallelism 
of the assembled clamp mechanism, it is recommended that a sheet of thin white paper, 
between two thin sheets of carbon paper, be placed between the gripping surfaces, and the 
jaws then brought together with a light pressure. met 
_ Revision of Standard General Methods of Testing and Tolerances for Cotton 
-- Yarns and Threads (A.S.T.M. Designation: D 180 — 36):! fabr 
Section 2 (b).—Change the last sentence of this section to read as a, 
follows by the addition of the italicized figures and the omission of the word ont 
and figures in brackets: from 
A tolerance of +2 per cent is permitted in relative humidity and [plus 10 F. 
(6 C.)] #2 F. (1.1 C.) in temperature. of a] 
0 
: Revision of Standard Specifications and Methods of Test for Asbestos Yarns te 
(A.S.T.M. Designation: D 299 — 36):? then 
Section 10.—Change the first sentence of Paragraph (a) to read as shal 
follows by the addition of the italicized word and figure and the omission shal 
of the word and figure in brackets: Tes 
Five test specimens, each weighing not less than [200 grains] 5 g., shall be dried 
to constant weight in an oven at 100 to 105 C. (212 to 220 F.), and the weights of the Tol 


dried specimens recorded. 


Revision of Standard Specifications and Methods of Test for Asbestos Tape for 
Electrical Purposes (A.S.T.M. Designation: D 315 — 36) :' 


Section 15.—-Make the same change in the first sentence of Paragraph 
(a) of this section as is recommended above in Specifications D 299 - 36. 


! 1936 Book of A.S.T.M. Standards, Part II, p. 1351. 
p. 1320. 


p. 1324. 
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Proposed Tentative Revision of Standard 


Tentative Revision! of Standard General Methods of Testing Woven Textile Fabrics 
(A.S.T.M. Designation: D 39 — 36):! 


Section 11.—Change this section from its present form: namely, 


11. Raveled Strip Method.—This test shall be made in accordance with the direc- 
tions for the grab method (Section 10) with the following exceptions: The specimens 
shall be 1} in. in width if there are 50 or more yarns per inch, and 1} in. in width if 
there are less than 50 yarns per inch. Each specimen shall be raveled to 1 in. in width 
by taking from each side approximately the same number of yarns. The clamps 
used on the testing machine shall have faces measuring 1 by 1} in. or more, the longer 
fimension being perpendicular to the direction of application of the load. 


to read as follows: 


11. Raveled Strip Method.—This test shall be made in accordance with the direc- 
tions for the grab method (Section 10) with the following exceptions: This method 
is applicable only to fabrics containing 50 or more yarns per inch. Each specimen 
shall be 1} in. in width and shall be raveled to 1 in. in width by taking from each side 
approximately the same number of yarns. The clamps used on the testing machine 
shall have faces measuring 1 by 1} in. or more, the longer dimension being perpendicu- 
lar to the direction of application of the load. 


New Sections.—Add the following paragraphs at the end of these 
methods as new Sections 16 and 17: 


16. Twist, Warp and Filling Yarns: (a) Test Specimens.—Specimens of the 
fabric shall measure at least 30 in. in the warp direction for the determination of the 
warp twist, and at least 30 in. in the filling direction, or the full width of the fabric, 
for the determination of the filling twist. In all operations care must be exercised to 
avoid any change in the twist of the yarn to be tested. The yarns may be removed 
from the fabric in the following manner: 

Holding the yarn to be tested at one end, remove it from the fabric for a distance 
of approximately 10 in. (cutting the cross yarn, if necessary) and grip it at this point 
in one clamp of the twist tester. Remove the yarn for an additional 10 in., 
straighten it by applying just sufficient tension to remove the crimp (Section 8) and 
ee grip it in the other clamp of the twist tester. The distance between clamps 
shall be 10 in. 

(b) Procedure.—The twist of the specimen prepared as directed in Paragraph (a) 
shall be determined by one of the following procedures of the American Society for 
lesting Materials: 

: Cotton Yarn.—Section 12 of the Standard General Methods of Testing and 
lolerances for Cotton Yarns and Threads (A.S.T.M. Designation: D 180).? 

; Woolen Yarn.—Section 12 of the Standard Methods of Testing and Tolerances 
‘ot Woolen Yarns (A.S.T.M. Designation: D 403). 

Worsted Yarn.—Section 12 of the Standard Methods of Testing and Tolerances 
‘or Worsted Yarns (A.S.T.M. Designation: D 404). 

(c) Number of Tests—One twist test on each of ten or more different warp yarns 
shall be made and the average of these ten or more tests shall be the average twist 

9 286 Book of A.S.T.M. Standards, Part II, p. 1334. 

Ibid” p. 1351. 


id., D. 1388, 
*Ibid., p. 1393, 
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of the warp yarns. One twist test on each of ten or more different filling yarns, taken 
from locations in the fabric as far apart as practicable, shall be made and the average 
of these ten or more tests shall be the average twist of the filling yarn. 

17. Bow.—The fabric shall be laid out smooth on a horizontal surface without 
tension. The position of a filling yarn in the fabric shall be marked with a line drawn 
on the fabric across its full width, or by other suitable means. (Marking is not neces 
sary when distinctive colored picks are woven into the fabric at regular intervals.) 
A straight edge shall be placed across the fabric between the ends of this line at the 
edges of the fabric. The greatest distance between the line and the straight edge, 
measured parallel to the edges of the fabric, and the width of the fabric along the 
straight edge shall be measured. Similar measurements shall be made in at least 
three different places along a roll or piece, preferably at points 10 yd. from each end 
and in the center. The bow shall be expressed as a percentage of the width of the 
fabric and shall be the average for the three or more sets of measurements as calcu- 
lated from the following formula: 


d 
Bow, per cent = = x 100 
where d = the greatest distance in inches between the marked filling yarn and the 


straight edge, and 
w = the width of the fabric in inches. 
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REPORT OF COMMITTEE D-17 


edge, 
hee NAVAL STORES 
east 
1 end Committee D-17 on Naval Stores has held no meeting during the 
om year and the work of the committee has accordingly been conducted entirely 
| by correspondence. 
Advice has been received from Committee D-6 on Paper and Paper 
Products (which is now in course of organization) that that committee 
does not anticipate work on size making value of rosin but the thought 


1 th 
Po has been expressed that Committees D-6 and D-17 should cooperate on 


matters relating to the use of rosin in size making. 

Work is in progress in the laboratory of the chairman on two matters 
suggested at the last meeting of the committee, that is, on the determina- 
tion of ash in rosins, and determination of the extent of darkening of rosin 
on heating under the conditions and for the time rosin would be heated in 
making varnish. No formal report can be made at this time on either 
subject, but it is hoped to present some data at the meeting of the com- 
mittee to be held during the annual meeting of the Society. 

Subcommittee IV on Acid and Saponification Number and Un- 
apenitiahte Matter (C. C. Zeigler, chairman) has been very active during 
he year and is recommending that a proposed Tentative Method of Test 
or Acid Number of Rosin, and a Method of Test for Saponification Number 
9 of Rosin be accepted for publication as tentative, as appended hereto.! 
A report of this subcommittee describing the methods employed and 
giving the results of its work is appended to this report. 
; Some additional work has been done on the matter of viscosity of 
‘usin, but no report can be made at this time. 


RECOMMENDATIONS AFFECTING STANDARDS 


Proposed Tentative Standards.—The committee recommends that the (64 
‘dllowing two methods be accepted for publication as tentative as appended 
hereto,’ as proposed by Subcommittee IV on Acid and Saponification 
Numbers and Unsaponifiable Matter: 


Tentative Method of Test for Acid Number of Rosin, and _ 


Tentative Method of Test for Saponification Number of Rosin. 


‘See pp. 835 and 836. 
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ReEpoRT OF COMMITTEE D-17 
This recommendation has been submitted to letter ballot of the com. 
mittee which consists of 17 members; 17 members returned their ballots 
the results being as follows: 


Proposep STANDARDS 
Method of Test for Saponification Number of Rosin 


This report has been submitted to letter ballot of the committee which 
consists of 17 members; 17 members returned their ballots, all of whom 


voted affirmatively. 
Respectfully submitted on behalf of the committee, _ 
. VEITCH, 


Chairmen. 


Secretary. 
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REPORT OF SUBCOMMITTEE IV ON ACID AND SAPONIFICATION 
NUMBER AND UNSAPONIFIABLE MATTER 


Subcommittee IV has been engaged during the past year in a further 
study of methods for the determination of acid number and saponification 
number of rosin. Suggestions developed on the basis of the subcommittee’s 
previous experience! resulted in the drafting of a new set of methods for 
these determinations which were sent to subcommittee members, together 
with samples of WW, N and H rosin. ‘These samples were examined 
in the laboratories of eight members. Two modifications were used in 


hich 
hom 


Acip NUMBER AND SAPONIFICATION 
ROSIN. 


COOPERATIVE TESTS FOR 
NUMBER OF 


ABLE I.—RESULTS OF 


Acid Number Acid Number Saponification Number 


Laboratory (Cold Titration) (Hot Titration) 


ww 
Rosin 


N 
Rosin 


ww 
Rosin 


Ww N 
Rosin Rosin Rosin 


Too to titrate 157.2 159.9 158.2 170.7 178.4 170.2 
8.9 157.9 156.9 158.9 157.5 170.5 176.5 169.5 
157.7 100. 3 0. 


| 57.9 | 157.9 | 159.3 | 157.8 | 168. 174.5 168.2 


Maximum Deviation..... 1.8 3.0 4.0 1.4 1.7 6.2 


o 


Maximum Deviation from 


o 


Deviations Resuits Reportep 


Only averages of nine determinations by three analysts were emery ; 

0.1 0.1 6 0.1 1.2 0.3 1.5 2.4 0.9 
0.1 0.6 0.1 0.6 0.8 0.5 
0.5 0.2 0.9 0.6 0.9 0.0 
0.0 0.0 0.0 0.0 0.3 0.0 0.5 0.5 0.0 { 

0.1 0.3 0.4 0.2 0.4 0.1 0.4 0.2 0.4 
0.1 0.8 13 | o3 | 05 | 07 | | o4] 
0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 ; 


the case of the acid number determination, a hot and a cold titration. 
The hot titration consisted of dissolving the rosin by heating the neutral 
alcohol solvent to the boiling point and then titrating the hot solution. 
In the cold titration, the rosin was dissolved in the alcohol at room tem- 
perature and the titration made at that temperature. 

-The results obtained were regarded by the committee as sufficiently 
good to warrant the recommendation that the proposed Tentative Methods 
of Test for Acid Number of Rosin, and Test for Saponification Number 
of Rosin, appended hereto,? be submitted to the Society for peliication 


Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 505 (1936). 
*See pp. 835 and 836. 
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as tentative. The supporting data on which the methods are based are 
shown in Table I. In view of the fact that the divergences in the case of 
saponification numbers are somewhat larger than was expected, the com. 
mittee feels that another series of cooperative tests should be undertaken 
on similar samples of rosin before the methods are recommended for adop- 
tion as standard. 

It will be noted that the hot-titration method is recommended for the 
determination of acid number. The differences obtained between hot and 
cold titration were insignificant in the judgment of the committee. The 
hot titration was, therefore, selected since it facilitates dissolving the rosin, 

Subcommittee IV proposes to repeat the work on saponification 
number during the next year, using new cooperative samples. The sub- 
committee has one other assignment, namely, the development of a method 
for unsaponifiable matter in rosin. At the present time there seems to 
be no satisfactory method available. Since it is hardly possible for a 
committee of this size to work out a method as a committee, it is hoped that 
some member will find time for the necessary research which the develop 
ment of such a method requires. 


Respectfully submitted on behalf of the subcommittee, _ 


C. C. ZEIGLER, 
Chairman. 
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REPORT OF COMMITTEE 


ON 
WATER FOR INDUSTRIAL 


The activities during the year of the several subcommittees of Com- 
mittee D-19 on Water for Industrial Uses have been directed to the com- 
pletion of various proposed methods of test. These methods include: 
|) General principles governing sampling, prepared by Subcommittee ITI 
on Methods of Sampling; and (2) methods for the determination of calcium, 
magnesium and chloride ions in water, prepared by Subcommittee IV on 
Methods of Analysis. 

Committee D-19 has recommended to the Joint Research Committee 
on Boiler Feedwater Studies that research investigations be considered for 
the establishment of a standard method for determining hardness in water 
that may be either the soap test or an equivalent test, and further that 
investigations be considered on the development of proposed methods for 
the determination of hydrogen ion concentration, pH. Committee D-19 
has learned that the National Bureau of Standards is initiating a compre- 
hensive and fundamental program on the subject of pH and the committee 
is accordingly giving consideration to cooperating in this program, with 
which other interested groups may be associated. In view of the interest 
in this subject, a paper by a member of the staff of the Bureau of Standards 
has been secured for presentation at the annual meeting of the Society, 
as mentioned later in this report. 

Committee D-19 is abandoning for the present consideration of methods 
of testing for zeolite materials. It plans to resume consideration of this 
matter when more research information is available. Proposed methods 
on this subject have been published by the American Water Works Associa- 
tion' and by the National Lime Association.” 

On the recommendation of Committee D-19 there was presented to 
the Society in October, 1936, for publication as information the following 
proposed methods of analysis of industrial waters:? 


Proposed Methods for Determination of: 


Sulfate Ion in Industrial Water, covering a gravimetric procedure, and, in the 
appendix, the tetrahydroxyquinone direct titration method. ‘The latter 
method was edited by Committee D-19 from a report prepared by Sub- 
committee 8 of the Joint Research Committee on Boiler Feedwater Studies; 


ene Am. Water Works Assn., Vol. 27, September, 1935, p. 1178. 


> P. Hoover, ** Water Supply and Treatment,” 2nd Edition, Bulletin 211, Nat. Lime Assn., p. 138 (1936). 
Available as separate reprint, October, 1936. 
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REPORT OF COMMITTEE D-19 


Hydroxide Ion in Industrial Water, edited by Committee D-19 from a report 
prepared by Subcommittee 8 of the Joint Research Committee on Boiler 
Feedwater Studies, and, in the appendix, the Winkler method, edited py 

_ - Committee D-19 from a method published in the National Electric Light 


Association Publication No. 14, “Power Station Chemistry,” January, 
1931, p. 16; : 
Total Carbon Dioxide and Calculation of Carbonate and Bicarbonate Ions i 
Industrial Water, edited by Committee D-19 from a report published by 
Subcommittee 8 of the Joint Research Committee on Boiler Feedwater 
Studies, and in the appendix, the barium chloride method edited from 
Treadwell and Hall, Analytical Chemistry, 6th Edition, Vol. 2, p. 485. 
Total Orthophosphate and Calculation of the Respective Orthophosphate Ions 
in Water. These include a gravimetric procedure and, as an appendix, 
a volumetric modification of the molybdate method and a colorimetric 
_ method, the latter edited by Committee D-19 from a report published by 


Subcommittee 8 of the Joint Research Committee on Boiler Feedwater 
Studies. 


Committee D-19 is sponsoring a session on water at the 1937 annual 
meeting of the Society at which the following papers are to be presented: 
“The Need for pH Standards,” by S. F. Acree, National Bureau of Standards; 


“Technique in the Determination of Dissolved Oxygen,” by T. H. Daugherty, 
Hall Laboratories, Inc.; 


“A Thermodynamic and Colloidal Interpretation of the Published Studies on 
the Corrosion Cracking of Stressed Mild Steel in Water Solutions,” by 
J. A. Tajc, Duquesne Light Co. 

“Determination of Hardness in Water by Direct Titration,” by R. T. Sheen 
and C. A. Noll, W. H. & L. D. Betz Co.; 


“Some Applications of the Polarizing Microscope to Water-Conditioning Prob- 
lems,” by Everett P. Partridge, Hall Laboratories, Inc. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Policy and Procedure (F. N. Speller, chairman). 
During the year this subcommittee approved the work now in progress in 
its several technical subcommittees. No recommendations have been 
submitted with respect to new developments. On the recommendation 
of this subcommittee, the question of developing methods of test for zeo- 
lites, referred to earlier in this report, is being discontinued for the present. 

Subcommittee II, Editorial (E. P. Partridge, chairman).—This sub- 
committee received no assignment during the current year. It will edit 
the material to be submitted by Subcommittees III and IV. | 

Subcommittee III on Methods of Sampling (R. E. Hall, chairman).~ 
This subcommittee has been active during the year in completing that 
part of its program outlined in the 1936 report! relating to (I) Introduc- 
tion, (II) Scope, and (III) General principles governing sampling. The 
subcommittee expects to refer this part of the report to Committee D-19 


this year for submission to the Society for publication. 


4 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 508 (1936). 
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On WATER FOR INDUSTRIAL USES 


done by the subcommittee on item IV, Sampling water in the liquid state. ; 

Subcommittee IV on Methods of Analysis (J. R. McDermet, chair- 
man).—This subcommittee has been active during the year in completing 
proposed methods for the determination of calcium, magnesium and 
chloride ions in water. It expects to refer these proposed methods to 
Committee D-19 for submission to the Society for publication. Subcom- 
mittee 1[V plans to undertake the preparation of proposed methods for the 
determination of silica and dissolved oxygen in water. 


This report has been submitted to letter ballot of the committee 
which consists of 49 members; 34 members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of the committee, 2 = 


Max HEcurt, 
Chairman. 


E. HALL, 
Temporary Secretary. 
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REPORT OF COMMITTEE FE-1 
ON 
METHODS OF TESTING 


Committee E-1 on Methods of Testing held a meeting in Atlantic City, 
N. J., on July 2, 1936, subsequent to the presentation of its 1936 report 
to the Society. 

Consideration has been given during the year to a review of the per- 
sonnels of the technical committees and sections of Committee E-1 and it 
is now felt that the various standing committees of the Society are in 
general adequately represented on those subcommittees whose work is of 
direct interest. 

The Executive Committee of the Society appointed three representa- 
tives-at-large to serve on the Advisory Committee, namely, H. I’. Gonner- 
man, Portland Cement Assn., H. H. Morgan, Robert W. Hunt Co., and 
J. R. Townsend, Bell Telephone Laboratories, Inc., each for three-year 
terms, expiring in 1939. 

In October, 1934, there was referred to the standing committees of 
the Society by Committee E-1 the question of the desirability of having a 
study made looking toward the establishment of standard atmospheric 
test conditions, including both humidity and temperature. As a result 
of the interest expressed in the subject, a meeting of representatives of the 
interested standing committees was held on July 1, 1936, under the chair- 
manship of Mr. Robert Burns of the Bell Telephone Laboratories. The 
conference resulted in the recommendation to Committee E-1 that it 
organize a coordinating committee with the following functions: (1) to pro- 
mote standardization by encouraging the adoption of existing methods and 
by minimizing so far as possible the number of required new methods; (2) to 
provide a clearing house for information obtained by standing committees; 
and (3) to furnish educational and advisory service to the Society in pat- 
ticular and to industry in general. It was also recommended that the 
proposed subcommittee consider, as one of its first activities, the adoption 

; a definition for conditioning. The Advisory Committee of Committee 
K-1 will give further consideration to this subject at a meeting to be held 
during this annual meeting. 

Subsequent to the 1936 annual meeting, Committee E-1 presented to 

z Society through Committee E-10 on Standards a proposed Tentative 
Method of ‘Test for Softening Point by Ring-and-Ball Apparatus (E 28~- 
(508) 
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On METHODS OF TESTING E 


36 T). The new tentative method was accepted! by Committee E-10 on 
August 26, 1936, and appears in the 1936 Proceedings. 


ACTIVITIES OF TECHNICAL 


Technical Committee I on Mechanical Testing (H. F. Moore, chairman): 

As is usual the report of this technical committee consists of very 

brief summaries covering the work of its various sections during the past 
year. 
"Section on Tension Testing (R. L. Templin, chairman).—This section 
held a meeting on March 3, 1937, in Chicago, Ill., during the spring group 
meetings of A.S.T.M. committees. At that meeting it was reported that 
the discussion with Committee A-1 on Steel in regard to changes in the 
Standard Methods of Tension Testing of Metallic Materials (E 8 — 36) was 
still being carried on, and that certain questions regarding the testing of 
specimens of steel pipes were being given special attention. It was reported 
that the revisions of Standard Methods E 8, which were required in order 
to bring the methods into agreement with the Standard Definitions of 
Terms Relating to Methods of Testing (E 6 — 36), had been incorporated 
in the methods as last printed.’ 

Previous to this meeting the secretary of Committee E-1 prepared 
lor the section a statement covering various provisions for determining 
tensile strength appearing in A.S.T.M. specifications for metals. These 
provisions were discussed in considerable detail and it was suggested that 
the attention of the standing committees concerned should be directed to 
the provisions of the Standard Methods of Tension Testing of Metallic 
Materials (E 8-36) with the idea of making the product specifications 
agree with the Standard Methods E 8 as closely as may be feasible. If the 
committees responsible for the materials specifications have any reasons for 
not making them agree with Standard Methods E 8, it is hoped that those 
reasons will be brought to the attention of the Section on Tension Testing 
for consideration in connection with the subsequent revision of Methods 
E 8-36. 

Very few criticisms or suggestions regarding Methods E 8 — 36 have 
_ received and it was concluded, therefore, that they are in satisfactory 
orm. 

Section on Compression Testing (M. F. Sayre, chairman) and Section 
m Effect of Speed of Testing (P. G. McVetty, chairman).—The work of 
these two sections is considered together because the Section on Com- 
pression Testing has found that any further steps toward standardization 


r ‘In submitting this tentative method to Committee E-10 on Standards, Committee E-1 reported results 
letter ballot vote as follows: Of a total membership of 52, 46 members returned their ballots, of whom 
voted affirmatively, 1 negatively, and 16 members marked their ballots “not 
, reccedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1186 (1936); also 1936 Book of A.S.T.M. Ten- 
ndards, p. 1300. 
"See 1936 Book of A.S.T.M. Standards, Part I, p. 833. 
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of methods of compression testing are closely related to the question of effec 
of speed of testing. These sections plan to hold meetings during th 
annual meeting in June. 

It is to be noted that last year the paper on “The Effect of Testing 
Speed on Strength and Elastic Properties of Concrete” by Paul G. Jone 
and F. E. Richart' described a test method, by which this problem oj 
effect of speed could be studied. It is hoped that it will be possible to 
arrange for a similar study of the effect of speed of testing on metals, and 
the matter of compression tests can then be taken up. For metal structures 
under steady compressive load the yield strength of the metal seems to be 
a very important property. Compression tests for yield strength can be 
easily carried out and the question of the use of compression tests for yield 
strength seems worthy of consideration. 

Section on Bend Tests for Ductility (A. B. Kinzel, chairman).—Th 
work of reassembling the test data obtained by the Section on Bend Tests, 
which were lost by fire, is still progressing and contact is being maintained 
between this section and the Section on Testing Thin Sheet Metals. The 
section plans to hold a meeting during the annual meeting of the Society 
in June. It is hoped that the final report on cupping tests for ductility 
will be acted on at that meeting. 

Seclion on Indentation Hardness (J. R. Townsend, chairman).—This 
section is planning to hold a meeting during the annual meeting in June. 
The Methods of Rockwell Hardness Testing of Metallic Materials (E 18 - 
36) were adopted as standard last year and no further revisions are con- 
templated at this time. The section is sponsoring a paper by R. H. Heyer 
on “Analysis of the Brinell Hardness Test,’ which is being presented at 
this annual meeting of the Society. 

At the approaching meeting, the section proposes to discuss some 
general problems, such as the limitation of thickness of sheet metal which 
can be satisfactorily tested by the Rockwell hardness tester. 

Section on Testing Thin Sheet Metals (C. H. Marshall, chairman).— 
In March, 1934, this section began the collection of information regarding 
various tests as applied to sheet metals, the object of this work being to 
obtain data which would be of use in the activities of the section and to 
obtain information which should be of assistance in developing standards 
for testing sheet metals. The chairman of the section has completed the 
draft of a proposed report on “Usefulness and Limitation of Various Tests 
as Applied to Sheet Metals,” which is a condensed summary of several 
more-detailed draft outlines prepared during the progress of the work. 
The report has been approved by the members of the section and is pre- 


sented in Appendix I. 
' Proceedings, Am. Soc. Testing Mats., Vol. 36, Part II, p. 380 (1936). 


* Proceedings, Am. Soc. Testing Mats., Vol. 37, Part I], p. 119 (1937). 
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Section on Impact Testing (W. W. Werring, chairman).—This section 
is planning cooperation with Subcommittee IX on Steel Tubing and Pipe 
of Committee A-1 on Steel and with the Committee on Pipe of the Asso- 
ciation of American Steel Manufacturers Technical Committees, in a study 
of tension-impact testing of tubular steel products. 

Proposals have been received from several sources for the addition of 
keyhole notch specimens to the Tentative Methods of Impact Testing of 
Metallic Materials (E 23-34 T). This question will be considered at the 
next meeting of the section. 

The section is planning, for a later date, a symposium on impact 
testing, which is to be held under the joint auspices of the A.S.T.M. and 
the Committee on Industrial Welding Research of the Engineering Founda- 
tion, with the cooperation of the American Society of Mechanical Engineers. 
Prof. M. F. Sayre is officially acting as chairman of the Subcommittee on 
Methods of Testing of the Committee on Industrial Welding Research. 
In preparation for this symposium the section will hold a Round-Table 
Discussion on Impact Testing on June 30 during this annual meeting of 
the Society. Presentation of problems and discussion of the major gaps 
in the information on impact is to be encouraged at the round-table meeting 
inan efiort to lay the foundation for an informative, coordinated symposium, 
to be held possibly in 1938. The section has planned the round-table dis- 
cussion as a compact informal meeting in the hope of stimulating discussion. 

Section on Elastic Strength of Materials (F. B. Seely, chairman).—This 

tion held a meeting on March 3, 1937, in Chicago. At that meeting a 
report was presented by Col. G. F. Jenks of the Ordnance Department, 
U.S. Army (formerly of Watertown Arsenal), on ‘‘ Yield Strengths Corre- 
sponding to Small Percentages of Set.” ‘The results of this investigation 
are presented as information in Appendix II to this report. 

At the March meeting, a committee was appointed to collect a number 
of representative stress-strain diagrams of the different metals covered by 
AS.T.M. specifications. It is hoped to use this collection as a basis for 
the study of the question of reporting values of yield strength for materials. 
Of especial interest is the determination of yield strength for a material 
which has a stress-strain diagram that is curved all the way from zero stress. 

Section on Calibration of Testing Machines and Apparatus (H. F. 
Moore, chairman).—This section held a meeting on March 3, 1937 
in Chicago. At that meeting a preliminary outline for the con- 
sideration of the problem of calibrating strain apparatus was pre- 
sented by Mr. B. L. Wilson of the National Bureau of Standards. 
The main item of the discussion was in connection with the work 
of Committee D-13 on Textile Materials. The question given special 
consideration was that of calibrating testing machines for textiles 
and rubber “‘at speed.”” After considerable discussion it was the opinion 
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of the section that the direct calibrating of machines at speed was less 
accurate and less reliable than the calibration of such machines “statically” 
by means of dead weights, proving lever, or elastic devices, with computed 
allowances for the inertia effects when the machine was used at various 
speeds. It was noted that these inertia effects do not depend directly 
upon the speed of the pulling head but can be calculated if there is available 
a load-time diagram which is representative for a given type of material 
and a given size of specimen. This viewpoint was brought to the attention 
of the chairman of Committee D-13, for consideration by the committee. 

The section also considered the possibility of using a standardized 
single lever apparatus, or a frequently standardized beam-balance testing 
machine as a primary standard for the calibration of elastic devices. No 
action was taken on this subject. 


Technical Commitlee II on Consistency, Plasticity, Etc. (E. C. Bingham, 
chairman): 

The technical committee has been enlarged to include several adviser- 
members from both this country and abroad and also representatives from 
other technical societies. In addition to those mentioned in the report of 
the committee last year,! Mr. G. G. Sward has been added to the committee 
as the representative of the National Paint, Varnish and Lacquer Assn. 

A meeting of the technical committee was held in Atlantic City on 
July 1, 1936, at which meeting it was decided that the time was propitious 
for a formal presentation of a series of papers on the subject of consistency. 
The committee is accordingly sponsoring a Symposium on Consistency at 
this annual meeting of the Society. 

The World Petroleum Congress at its meeting in London in 1936 took 
action advocating that all viscosities be expressed in absolute units. It 
appears that there is apparent unanimity of opinion on this matter but 
conditions in practice are quite to the contrary. Where properties such 
as plasticity, consistency or hardness are measured, the result is normally 
obtained as a single numerical quantity although it must in some way 
represent two or more independent variables. So long as industry tolerates 
the present lack of acceptable definitions, standards, and methods of 
measurement, this very deplorable condition wil! continue. The word 
“deplorable” is used advisedly because, although the scientist has long 
recognized that the above situation is absurd, these properties of hardness, 
tensile strength, etc., with or without proper characterization, continue to 
be used in the most important and far-reaching questions of control. It is 
for these reasons, that the committee has arranged for a second symposium 
on the subject of consistency. The purpose of the first series of papers on 
this subject, held in 1923,? was to ascertain what consistency is. It is pro- 


7 1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 521 (1936). 
7 2 Proceedings, Am. Soc. Testing Mats., Vol. 23, Part II, p. 432 (1923). 
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posed to consider in the present symposium the advances made in con- 
sistency measurement, including a discussion of the theoretical back- 
ground and the existing nomenclature, the possibilities of standardization, 
yar the use and advantages to be derived from the use of absolute units of 
measurement. ‘The papers comprising the symposium are as follows: 


“Introduction,” by W. H. Fulweiler, Consulting Chemist, 


“Recent Progress in Consistency Measurement,” by E. C. Bingham, Lafayette 
College, 


“Definition of Consistency and Theoretical Considerations,” by Melvin Mooney, 
U.S. Rubber Products, Inc., 


“Consistency Measurements in the Paint Industry,” by D. L. Gamble, The 
New Jersey Zinc Co., 

“The Flow Properties of Asphalts Measured in Absolute Units,”’ by R. N. Traxler, 
The Barber Co., Inc., 

“Consistency Measurements in the Coal Tar Industry,” by E. O. Rhodes, 
E. W. Volkmann and C. T. Barker, Koppers Products Co., 

“Viscosity Measurement of Petroleum Products and Lubricants,” by J. C. 
Geniesse, The Atlantic Refining Co., 

“Consistency Measurement of Rubber and Rubber Compounds,” by J. H. 
Dillon and L. V. Cooper, The Firestone Tire and Rubber Co., 

“Measurements of Flow Characteristics of Thermosetting Resins,” by H. L. 

Bender, H. F. Wakefield and H. E. Riley, Bakelite Corp. 

“Cold Flow of Insulating Materials,” by Robert Burns and Irving L. Hopkins, 

Bell Telephone Laboratories, Inc. 


The Special Committee on Softening Point Test (H. M. Hancock, 
chairman) completed the development of a Method of Test for Softening 
Point by Ring-and-Ball Apparatus (E 28-36 T) which was accepted by 
the Society for publication as tentative, as mentioned earlier in this report. 
The new method was intended as a revision to replace eventually the present 
Standard Method of Test for Softening Point of Bituminous Materials 
‘Ring-and-Ball Method) (D 36 — 28), under the jurisdiction of Committee 
D-4 on Road and Paving Materials. Until certain criticisms of the new 
method under consideration by Committee D-4 have been investigated, 
the present Standard D 36 is being continued as a standard of the Society. 

Suggestions for revision of Tentative Method E 28, including revised 
requirements for the high-softening-point thermometer and a proposed 
method for preparing the ring-and-ball softening point test specimens by 
use of a casting plate, will be considered by Technical Committee II at its 
meeting to be held during the annual meeting in June. Proposed revisions 
of the method may be offered to the Society during the summer through 
Committee E-10 on Standards. 

Criticisms of the Tentative Definitions of Terms Consistency and 


See ‘ ‘Symposium on Consistency: Critical Discussion of Present-Day Practices in Consistenc y eed 


ments," December, 1937. (Available as separate publication.) 


513 
PSS 
y” 
ed 
jus 
tly 
dle 
ial 
ng 
Vo 
2 
er 
ym 
of 
ee 4 

on 
US 
y: 
at 
ok 
It | 
ut 
h 
ly 
ay 
es 
of 
rd 
ng 
to 
is 
im 
on 


Plasticity (I 24-34 T) received during the year will be considered jp 
detail at the meeting of the committee to be held in June.! 
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Technical Committee III on Particle Size and Shape (L. 'T. Work, chairman): 


The standardization of sieves has been delegated to the Sectional 
Committee on Sieves for Testing Purposes (A.S.A. Project: Z 23) which is . ‘ 
functioning under the joint sponsorship of the National Bureau of Standards Nume 
and the A.S.T.M., under the procedure of the American Standards Associa- raised 
tion. ‘The work of the sectional committee is closely related to the work ume 
of Technical Committee III. and 1 

After considerable deliberation, proposed Specifications for Sieves for referr 
Testing Purposes, which will cover coarse and fine sieves, have been devel- 
oped and have received the favorable vote of practically the entire member- the F 
ship of Sectional Committee Z 23. The proposed specifications represent a the , 
revision of the existing A.S.T.M. Standard Specifications for Sieves for unge 
Testing Purposes (EZ 11-26), and for Round-Hole Screens for Testing om 
Purposes (FE 17-36). ‘The revision of the specifications is minor in char- meet 
acter with the exception of one feature concerning which some question Tech 
has arisen, namely, the specification of wire diameter. The new specifi- | 
cations propose a range of wire diameter rather than a stated diameter. 

There are other revisions of minor importance and there has been a corre- distr 
lation of the fine and coarse sieves so that the break at four mesh no longer { ar 
exists. It has been found feasible to continue the fourth root of two into requ 
the coarser sizes and to adopt the greater number of fractional inch sieves 

in that series. Where the deviations are outside of the tolerance limits, exhz 
two cloths have been specified in order to emphasize that they are not the 
interchangeable. It is expected that the proposed specifications will be cert: 
referred to Technical Committee III shortly. this 

Section on Subsieve Sizes (D. L. Gamble, chairman).—A meeting of a com 
group interested in the revision of the present Tentative Method of Analysis text 
for the Particle Size Distribution of Subsieve Size Particulate Substances mee 
(E 20-33 T) from the standpoint of its adaptation to pigments was held to : 
at Columbia University, New York City, on February 15, 1937. the 

On the basis of suggestions made at this meeting and with the cooper- suc 
ation of individual members of the group, the chairman is in the process of adc 
revising the tentative method for reconsideration by this group. It is abl 
the intention of the section to consider eventually similar revisions from the Cor 
standpoint of other subsieve size particulate substances. for 
Technical Committee IV on Methods for Density (H. W. Bearce, chairman): ” 

The various methods of test for density and specific gravity prescribed int 
in the standards of the Society are being reviewed by the chairman for the uf 


1 Subsequent to the annual meeting Committee E-1 presented to the Society through Committee E-10 on 
Standards revisions in these definitions, see Editoral Note, p. 517.—Eb 
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purpose of preparing recommended changes and improvements in the inter- 
est of having all descriptions of such tests theoretically and basically correct. 


Technical Committee VII on Chemical Composition (G. E. F. Lundell, 
chairman): 

Technical Committee VII has held no meetings during the past year 
Numerous questions concerning methods of chemical analysis have been 
raised in connection with the chemical requirements inserted in specifica- 
tions that are being prepared by various committees, chiefly in the ferrous 
and non-ferrous groups. Most of these questions have, therefore, been 
referred for action to Committee E-3 on Chemical Analysis of Metals. 

An interesting development during the year has been the tendency on 
the part of some committees. to insert “precision” limits in methods for 
the chemical analysis of metals. The failure of the committees to dis- 
tinguish between precision and accuracy emphasizes the need for the 
round-table discussion on the subject which is to be held at this annual 
meeting of the Society, as mentioned later in this report. 


Technical Committee IX on Interpretation and Presentation of Data (H. F. 
Dodge, chairman): 
This committee’s Manual on Presentation of Data has had a wide 
distribution since it was originally issued in 1933.1. Two Supplements, 


A and B, covering additional material were subsequently prepared at the 
request of the committees of the Society and separately issued in 1935.? 

Early in 1937, the supply of the second printing of the Manual was 
exhausted. Use of the Manual and its two Supplements had indicated 
the desirability of combining this material in one volume and amplifying 
certain sections of the text. The new printing was accordingly set up in 
this manner and made available in pamphlet form in March, 1937. The 
committee took the opportunity of making a number of minor changes in 
text wording and, on the basis of specific requests made at the last annual 
meeting, amplified two sections of the Manual. ‘The first of these related 
to short-cut methods of computing averages and standard deviations and 
there has been added what is termed ‘‘Short Method No. 2,” involving a 
succession of cumulative sums whereby constants are determined by simple 
additions, a convenience when no multiplying computing machine is avail- 
able. The second amplification was incorporated in Supplement A and 
consisted in adding a set of curves to assist in determining constants needed 
for various ‘‘chances” associated with the + limits of uncertainty of an 
observed average, for example, average = 575.2 + 5.1 lb. 

During the year the American Statistical Association, signifying its 
interest in the work of the committee, suggested that some means be set 
up for coordinating this type of work in the two Societies and requested 


' Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 451 (1933). 
* Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, pp. 1411 and 1418 (1935). 
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that a short article on the committee’s activities be prepared for publica. 
tion in its journal. Such an article was prepared by the chairman of this 
technical committee and published in the June, 1937, issue of the Journal 
of the American Statistical Association. 

Arrangements have been made for conducting a round-table discussion 
on the subject of “ Precision and Accuracy,” to be held jointly with Technical 
_ Committee XI on Designation and Interpretation of Numerical Require. 
- ments, at this annual meeting of the Society. The three principal speakers 
for the round-table discussion are: Messrs. W. A. Shewhart, G. E. F. Lundell 
_and H. F. Moore. 

During the year, the chairman, H. F. Dodge, presented a paper on 
“Statistical Methods and Specifications of Quality,” at a meeting sponsored 
_ by the Cleveland A.S.T.M. District Committee and the Cleveland Section, 

A.S.M.E., at Cleveland, Ohio, on January 28, 1937. The paper was 
_ published in the A.S.T.M. Bulletin, March, 1937. 
The committee has continued to assist other committees of the Society 


in connection with specific problems dealing with statistical methods and 
the analysis of data. 


Technical Committee XI on Designation and Interpretation of Numerical 
Requirements (J. A. Gann, chairman): 
The principal activity of this technical committee during the year has 
_ been devoted to furthering consideration by the standing committees of 
the Society to the proposed Recommended Practices for Designation of 
_ Numerical Requirements in Standards, published as information in an 
P appendix to the 1936 report? of the committee. In order to show the 
_ manner of applying the recommendations for the designation of numerical 
requirements in standards in accordance with the proposed recommended 
practices, the committee prepared two illustrative specifications. These 
have been appended to reprint copies of the proposed recommended practices 
and are being made available to the committees of the Society for detailed 
consideration. 

As mentioned earlier in the report, this technical committee is spon- 
soring at this annual meeting of the Society, in cooperation with Technical 
Committee [IX on Interpretation and Presentation of Data, a Round- 
Table Discussion on Precision and Accuracy. 


This report has been submitted to letter ballot of the committee which 
consists of 52 members; 33 members returned their ballots, all of whom 


have voted affirmatively. ae 
Respectfully submitted on behalf of the committee, 


P. J. Smit, W. H. FuLweILer, 
Ex-officio Secretary. Chairman. 


41See Summary of Proceedings, p 
2 Proceedings, Am. Soc. Testing Nats. Vol. 36, Part I, p. 527 (1936). 
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EpIToR1IAL NOTE 


Subsequent to the annual meeting Committee E-1 on Methods of Testing pre-_ 
ented to the Society through Committee E-10 on Standards a proposed revision of 
the Tentative Definitions of Terms Consistency and Plasticity (E 24-34 T) in the 
rm of new Definitions of Terms Relating to Rheological Properties of Matter. 
these definitions were accepted by Committee E-10 on October 11, 1937, and appear 
np. 1300. 
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APPENDIX I 


REPORT ON USEFULNESS AND LIMITATION OF VARIOUS TESTS As 
APPLIED TO SHEET METALS 
In March, 1934, the Section on Testing Thin Sheet Metals began the 
collection of information regarding various tests as applied to sheet metals, 
the object of this work being to obtain data which would be of use in the 
activities of the section and to obtain information which should be of 
assistance in developing standards for sheet metals testing. It was soon 
found that the desired information could best be obtained by means of a 
questionnaire which has resulted in the collection of a great amount of 
_ useful information from many persons engaged in various phases of sheet 
metals testing so that it can be used for drawing definite conclusions 
regarding the usefulness and limitations of various tests for sheet metals. 
| In this report, the statements given are based on the information 
obtained regarding the usefulness and limitation of various tests applied 
to sheet metals. Consideration has also been given to information obtained 
through the several round-table discussions on various phases of sheet 
metals testing! which were sponsored by the section, and from other sources. 
There is presented in Table I a summary of the replies from the 56 
laboratories that cooperated with the committee in furnishing the inform- 
ation which forms the basis for this report. 


TABLE I.—SuMMARY OF REPLIES RECEIVED FROM FirtTy-S1x COOPERATING LABORATORIES. 


Used for 
Inspection 


Used for 
Research 


Considered 
Most Valuable 


Used Only 
Occasionally 


Unreliable 
or Not Useful 
(for Their 


Purpose) 


Tensi . 29 12 
Microscopic 10 
Cupping 


Harpness: 


Scleroscope 
Other Hardness Tests 
Cold Bend.. 


1 During the past several years the section sponsored three round-table discussions, the first on “Use ” 
the Tension Test for Judging the Suitability of Sheet Materials for Various Purposes,” held in Chicago, Ii. 
at the 1933 annual meeting, see Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 563 (1934); the secon¢ 
on “Hardness Testing of Sheet Metals,” held in Atlantic City, N. J., at the 1934 annual meeting; _and the 
third on “‘Ductility Testing of Thin Sheet Metals,” held in Detroit, Mich., at the 1935 annual meeting. 


(518) 


al 
0) 
~ le 
( 
{ 
2 
Brinel apeeils 23 12 11 8 6 3 
Rocky 43 24 19 28 6 3 
9 4 10 8 2 
ee 9 9 3 9 11 
24 15 12 8 
Shear or 4 6 2 1 
Impact. 8 1 8 
5 1 7 2 
sd 6 1 3 2 1 


S AS 


n the 
etals, 


sions 
ils. 

ation 
plied 
1ined 
sheet 
IFces. 
le 56 


ORT ON TESTS FOR THIN SHEET METALS © 519 
Tension Test: 

The tension test is without doubt the most used and most valuable 
test for sheet metals. It is used in its simplest form, with measurement 
of ultimate strength and elongation, for control and acceptance tests of 
all materials. 

With the use of extensometers of various kinds and the determination 
of various elastic or plastic properties, tension tests are used by research 
laboratories in determining fundamental information regarding various 
materials and their suitability for various applications. 

Frequently, elastic properties are determined in connection with tension 
tests made primarily for control or acceptance. 

Sometimes, tension tests on samples cut from sheet in various direc- 
tions with respect to the direction of rolling give useful information as, 
for example, in determining the suitability for deep drawing operations. 

Several laboratories have reported difficulty in testing very thin sheet 
metals and consider the tension test unreliable on materials of the order 
of 0.005 in. in thickness or less. Other laboratories have reported the use 
of tension tests for much thinner materials. It is evident that success in 
testing very thin materials is dependent upon having suitable apparatus 
and skillful manipulation, granting which, there is probably no limit to 
the thinness of materials to which the tension test can be applied. It is, 
of course, evident that for thin materials unusual precautions must be ) 
taken in obtaining accurate measurements of the thickness. oe 


Microscopic Tests: 


Second only in use and importance to the tension test, microscopic _ 
tests both for surface appearance and for determination of grain size are 
used and considered extremely valuable for both ferrous and non-ferrous 


sheet metals. 


Cupping Tests: 

For both inspection and research, cupping tests are considered valuable _ 

and are quite generally used. 
_ It is generally recognized that considerable judgment must be used 
in the making and interpretation of these tests as the amount of cupping 
to which material may be subjected before failure is of less value in predict- 
ing its behavior in service or under stamping forming operations than the 
appearance of the dome or cup formed during the test. 

It usually is considered that a circular depression around the formed 7 
cup near the dome indicates material which has approximately equal 
strength in all directions, while splitting on one side or even across the 
dome indicates materials which are definitely weaker or of less ductility 
inthe direction of the split. 
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This test also is used to a considerable extent as an indication of grain 
size, which can be judged by the appearance of the stretched metal of the 
dome. A smooth dome indicates a fine grain material while a rough dome 
is an indication of large grain size in the material tested. 
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Hardness Tests: 

Brinell—The Brinell hardness test is used by many laboratories, 
particularly for materials of the order of § in. or thicker. The “baby” 
Brinell with ’¢-in. ball is used to some extent for thin materials but usually 
for investigation or research due to the time involved in preparing samples 
for and in making these tests. 

From the reports received, it is evident that Brinell and other indenta- 
tion hardness tests are frequently used for materials which are so thin 
that misleading results are likely to be obtained. 

Rockwell.-The Rockwell hardness test is the most generally used of 
all the indentation hardness tests, both for control and research. 

Since the smooth parallel surfaces necessary to the success of this 
test are not usually difficult to obtain in sheet metals it is well adapted 
for testing these materials. 

The recent development of the “superficial”? Rockwell hardness tester 
has extended this test to much thinner sheet materials than formerly 
could have been successfully tested by this method. 

While no absolute rule has as yet been arrived at, it is an accepted 
fact that where a mark is produced on the surface in contact with the 
anvil, results should be considered as possibly not representing the actual 
hardness of the materials. 

For very thin sheet metals, Rockwell hardness tests are: sometimes 
used, for comparison only, with others of the same kind and thickness. 
If this is done, consideration must be given to the effect of various kinds 
of anvils, presence or absence of oil or other materials on the anvil or test 
specimen, and it must also be borne in mind that when the penetration Is 
deep with respect to thickness there may be an apparent decrease of hard- 
ness due to “flow” or “punching through” of the material due to lack of 
lateral support. For thinner material where penetration is even greater 
with respect to thickness, pressure of the penetrator on the anvil may 
result in an apparent increase in hardness. 

Vickers.-The Vickers hardness test is used to some extent both for 
control and research. Apparently this test ranks with the Rockwell test 
in respect to usefulness but has not come into nearly so general use. 

Monotron.-This test is reported as useful by many laboratories but 
apparently has not been generally adopted and very little specific infor- 
mation has been obtained regarding it. 
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Scleroscope.—The scleroscope is used to a considerable extent for testing 
sheet metals, and useful information is obtained through its use. 

It is evident from the comparatively large number of persons who 
-onsider this test unreliable or not useful for sheet metals that extreme 
care and good judgment must be used when it is applied, particularly in 
the case of the “‘softer’’ materials. 


ries, For very thin metals, the same considerations as have already been 
aby” noted under Rockwell tests undoubtedly apply and the same precautions 
ually should be taken not to compare tests on any particular thickness of material 
nples with either dissimilar materials of even the same thickness or with any 
materials of different thicknesses. 
thi, (old Bend Tests: 
Under this classification are considered only tests in which the materials 
d of are bent either a definite distance, such as 45 deg., 90 deg. or 180 deg. a 
around a fixed radius, or flat on itself, the appearance or condition after- 
this ward indicating the quality or suitability for some definite use. 
pted Tests of these kinds are extensively used for all kinds and tempers of 
sheet and strip materials. They are generally considered useful in giving 
ster information of practical value. a 
erly Fatigue Tests: 
aed qT he usefulness of the fatigue test is apparently confined to research _ 
‘. and investigation. Various methods of making tests are reported and it 
tual apparently is used mostly for testing spring materials. 
Shear or Punching Tests: 
— While tests for shear or punching are used to some extent, particularly — q 
owe for inspection, reports from various laboratories indicate that, in general, ; 
ws little information of value with regard to sheet metals is obtained by ; - 


such tests. 


vad Impact tests may not usually be thought of in connection with sheet » 
ter metals, but several laboratories have reported that impact tests are used 
. . . . 
ay as a research test for obtaining information on sheet metals. 
for Creep Tests: 
est Creep tests are used entirely for research but to a considerable extent ’ 
lor indicating rate of flow or stretching of material under continuous load. 
yut 
Stiffness Tests: 


__ Tests for stiffness are used to some extent, chiefly for determining 
tither elastic or bending properties (dependent on modulus of elasticity) 


of the 
4 
| 


522 REPORT OF COMMITTEE E-1 (APPENDIX 


of materials to be used for springs or when information regarding the 
“springiness”’ is of importance. 


Corrosion, Electrical, Sag, and Other Special Tests: 
Special tests have been reported as being used to give information 
regarding suitability of materials intended for specific applications. 


Respectfully submitted on behalf of the Section on Testing Thin 
‘Sheet Metals, 
C. H. MArsHAtt, 
Chairman. 
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APPENDIX II 


YIELD STRENGTHS CORRESPONDING TO SMALL 
PERCENTAGES OF SET 


These studies were undertaken to determine whether the methods 
recommended for determining yield strength as given in the Standard 
Definitions of Terms Relating to Methods of Testing (E 6-36)! should 
include some method of determining yield strength corresponding to a 
very small amount of offset (of the order of 0.003 per cent) for which the 
existing methods may not be satisfactory. 

Typical ferrous and non-ferrous metals and alloys were tested and 
the yield strengths were measured by various methods at the Watertown 
\rsenal.2- The work was done on an Amsler testing machine, using a 
Baldwin-Southwark autographic-recorder. 


Ferrous Metals: 


The typical steels tested were S.A.E. No. 2340, heat treated, and 
S.A.E. No. 4150, as rolled. In the first, the difference between the pro- 
portional elastic limit (0.000 per cent offset) is 3000 lb., or about 4 per 
cent of the yield point. This difference is much lower than in many heat- 
treated steels tested, as, for example, in a nickel-steel forging as indicated 
in Table I. In this latter case, the heat-treated forging approaches a 
condition of which the S.A.E. No. 4150 as-rolled steel is typical. The 
shape of the stress-strain curve just below the yield point is typical of 
metal containing internal stresses. These stresses may be removed by 
aging or stabilization heat treatments, and the proportional elastic limit 
elevated to just under the yield point as normally determined. 

The inclusion of a requirement for a very small percentage offset for 
such steels would result in more careful processing in order to obtain full 
alvantage of any chemical composition. It is justified only for the more 
carefully processed materials, such as Ordnance steels, because of costs 
involved. 

An offset of 0.003 per cent is too small to obtain by careful measure- 
ments in a first class testing laboratory. For the most careful work a 
value of 0.005 per cent would appear to be the smallest practicable. Such 


a value would be justified only for high-quality quenched-and-drawn steels. 


1936 Book of A.S.T.M. Standards, Part I, p. 861, and Part II, p. 1429. 
Watertown Arsenal Report No. 111.2-11. 
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In the case of the S.A.E. No. 4150 steel, as rolled, the difference be. 
tween the 0.000 per cent set and the yield point (dividers method) is much 
greater, being about 28 per cent of the yield point value. Similar results 
would have been obtained on a carbon steel in the as-rolled condition. 
The method of processing and the use to which such materials are put 
does not warrant methods of testing being more - refined than are now pro- 


vided for in A.S.T.M. standards. 
Non-Ferrous Metals: 


Non-ferrous materials normally have types of stress-strain curves as 
= in the case of hard bronze (see Fig. 1). In the testing of such ma- 
terials, the use of abnormally small offset percentages has no place. 


TABLE I.—RESULTS OF TESTS FOR YIELD STRENGTH. 


Yield Strength, lb. per sq. in. Propor- | Yield Elongs| Redue- 


tional Point | Tensile | tion | tion 
Limit, _by Strength,|in 2 in., 
Figure Material Offeet (from modulus line), per cent Army |Dividers,} lb. per | per | Area, 


Method, Ib. per | sq. in. | cent | per 


b. per | sq. in. cent 
0.000 | 0.003 | 0.010 | 0.020 | 0.050 | 0.100 | 0.200 | sq. in. 
1 5.A.E. No. 2340, 
heat treated 67 000) 68000) 69500) 69750) 69750) 69500) 70000) 69250 | 70000 |107500| 25.0) 541 
1 24 500) 28000) 32000) 35500) 45500) 55000) 65500) 55000 | 53000 | 94500) 19.3) 673 
2 S.A.E. No. 4150, 
as rolled... . 32 000} 36000) 40000) 42500) 44250) 44250) ..... 41750 | 44250 | 85500} 31.5) 692 
2 Stainless steel, 18 
per cent chrom- 
lum, 8 per cent 
14750} 17000) 20000) 22750) 26000) 28250) ..... 22000 | 31000 | 83000| 63.6] 769 
3 Stainless iron, as 
92 000} 97 000) 102 000) 108 000) 115500) ..... | ..... 113 000 | ...... 171000 | 15.7) 544 
3 Stainless iron, 
after 650 C 
53 000) 55500) 60000) 63500) 68500) 72000] ..... 64500 | 74000 | 94500 | 22.9, 71.0 
4 Monel metal, as 
rolled. . 38 000) 40000) 45500) 50250) 55000) 58000) ..... 54000 | 61750 | 85500} 32.9] 670 
4 Monel metal, 300 
50 500 58 750| 6 86 000 


Cc. 53 000 57 500) 58750) ..... 55 500 87 500 
5 Nickel-steel forg- 


ing,heat treated) 57000] 63 000| 73 000} 81000) 91500] 95000] 96500) 90500 | 96500 |120000 | 21.0| 563 


__ An interesting family of curves are those for monel metal, as indi- 
cated in Fig. 4. The requirement for yield strength (0.01 per cent or 
0.02 per cent offset) equaling 50,000 Ib., or over, would have necessitated 
an additional heat treatment with corresponding additional cost. Such 
expense is justified only under exceptional circumstances. 


Conclusions: 


Very small values of offset are “required only for heat-treated steels 
of high quality and possibly some other materials in which design require- 
_ ments are severe. 


An offset percentage of less than 0. 005 per cent is not justified except 
for experimental purposes. 
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There is no need for a revision of the methods for determining yield 
strength as recommended in the A.S.T.M. Standard Definitions of Terms 
Relating to Methods of Testing (E 6-36) in case it is desirable to use 
such small offset values. 

AS.T.M. specifications for metals do not cover materials in which 
a very low percentage offset is required. The methods for determining 


110000 
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90000 Modulus line. Method, am 

Q003 per cent-- 
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Fic. 1.—Yield Strengths of S.A.E. No. 2340 Steel (Heat Treated), and Hard Bronze. 


yield strength as recommended in the Standard Definitions E 6 should, 
however, be of general application and be suitable for use in the case of 
specifications covering special quality materials. The existing methods 
are considered to be sufficiently general for such use. ‘The special speci- 
fication should give the offset percentage value to be used. It is considered 
that these A.S.T.M. methods are not intended to apply and should not 
apply to special experimental work. 


Respectfully submitted on behalf of the Section on Elastic Strength 
oMatrials, 


= x. F. JENKS. 
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REPORT OF COMMITTEE 
ON 


SPECTROGRAPHIC ANALYSIS 


E-2 


Committee E-2 on Spectrographic Analysis has held no meetings 
since its last meeting held at the time of the 1935 annual meeting in Atlantic 
City, N. J. Subcommittees have continued the work begun in previous 
years on the formulation of methods of analysis and on the development 
of sources of metals of extreme purity, so urgently needed as a base for 
the preparation of standards for quantitative spectrographic analysis. 

A special subcommittee under the chairmanship of Thomas A. Wright, 
has drawn up a set of regulations governing Committee E-2. ‘These were 
discussed and approved by the committee at its June meeting for submis- 
sion to letter ballot. 

The committee is attempting to arrange for immediate and future 
periodic publication of an extensive Bibliography on Spectroscopy which 
had been assembled and is being kept up-to-date by Mr. W. F. Meggers 
and which he has kindly offered to the committee. It is hoped that this 
important contribution can be made available to the Society membership. 

Subcommittee IIIT on Quantitative Methods and Applications (M. L. 
Fuller, chairman). -No further work has been carried out on the prepara- 
tion of methods of sampling, following the decision by the committee last 
year to defer to Committee E-3 on Chemical Analysis of Metals on this 
matter. 

Certain revisions of, and additions to two of the tentative methods 
for quantitative spectrochemical analysis of zinc and lead, under the juris- 
diction of Committee E-2, have been formulated to meet a need for broader 
application than was anticipated when these methods were issued in 1935. 
At the meeting of Committee E-2 held during this annual meeting these 
revisions were discussed and approved for submission to letter ballot of 
the committee. The nature of the contemplated changes is indicated 
below. ‘These revisions after approval by letter ballot will be submitted 
to the Society subsequent to the annual meeting through Committee E-10 
on Standards.! 

In connection with the Tentative Method of Test for Quantitative 
Spectrochemical Analysis of Zinc Alloy Die Castings for Minor Consti- 
tuents and Impurities (E 27-35 T), a need has developed for providing 
an optional additional test. Section 7 of the Standard provides a means 
of testing for compliance with A.S.T.M. specifications on composition. 


See Editorial Note p. 530. 
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On SPECTROGRAPHIC ANALYSIS 


The proposed revision provides a means of extending this test to permit 
an approximate estimation of the actual amounts of the several constitu- 
nts and impurities of the sample. Such a determination is not always 
required, but it is believed by the committee that provision for it will in- 
crease the usefulness of the general method. 

In the Tentative Method of Test for Quantitative Spectrochemical 
Analysis of High Grade Pig Lead (E 25-35 T), provision is made only 
for the determination of copper, bismuth, silver and nickel. Other impuri- 
ties are often present which could be determined by spectrochemical 
analysis, and the proposed revision will extend the scope of the method to 
include such other impurities. 

Subcommittee V on Standards and Pure Materials (Thomas A. Wright, 
chairman).—This subcommittee has prepared an extensive report on the 
sources and characteristics of super-purity metals suitable for use as spec- 
trographic standards. It believes that these metals can be made available 
to members of the committee, if satisfactory means for handling and dis- 
tribution can be developed. The accumulation of the information given 
in this report has involved an enormous amount of time and labor in corre- 
spondence and discussion with producers of the various metals. It is a 
pleasure to acknowledge the splendid spirit of cooperation that has been 
shown by these producers, many of whom have willingly devoted a great 
deal of time and researth effort, not only to the study of the difficult 
problems of preparing metals of extreme purity, but also to the actual 
production of such metals. Some of them have undertaken this work 
specifically for the benefit of the committee and without the hope of any 
substantial return to themselves. 

It is our belief that the information contained in the report appended 
hereto is of outstanding importance, not only to the members of the com- 
mittee and the Society, but to spectroscopists in general. 

The chairman of Subcommittee V has prepared a carefully considered 
discussion of the need for super-purity metals, the characteristics they 
must have and the precautions that must be observed during their prepa- 
ration, distribution, and use. ‘This discussion is presented in an Appendix 
to this report. 

The committee has recommended that steps be taken to arrange, if 
possible, for the distribution of these pure materials and other standard 
samples that may be available through the National Bureau of Standards. 


Respectfully submitted on behalf of the committee, 


H. V. CHURCHILL, 


Chairman. 
C. C. 


Secretary. 
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_ Subsequent to the annual meeting Committee E-2 on Spectrographic Analysis 
presented to the Society on August 26, 1937, through Committee E-10 on Standards 
the following recommendations: 


Proposed Revisions of Tentative Methods of: 
Quantitative Spectrochemical Analysis of High Grade Pig Lead for Copper, 
Bismuth, Silver and Nickel (E 25 — 35 T), and 
Quantitative Spectrochemical Analysis of Zinc Alloy Die Castings for Minor 
Constituents and Impurities (E 27 — 35 T). 
The above recommendations were accepted by Committee E-10 and the methods 


‘in their revised form have been issued as 1937 Supplements to the publication of 
“AS.T.M. Methods of Chemical Analyses of Metals, 1936.” 
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REPORT OF SUBCOMMITTEE V ON STANDARDS AND PURE 


opper, MATERIALS 
Minor The present status of the project on super-pure metals is covered in 
the report for the respective metals and for the respective cooperating 

+thods mpanies who have produced, are producing, or have signified their 

on of illingness to produce the highest possible purity metals. 

P Availability, unless otherwise noted, is dependent upon arrangements 
radistributing agency. No orders should be addressed to the companies 


rect, except as indicated. 

Purity ratings or figures where given are those furnished by the pro- 

ier, unless otherwise noted. 

Unless otherwise noted, the degree of accuracy of any figures are 
subject to consideration such as those mentioned in the paper on “‘Super- 
Purity Metals,” by Thomas A. Wright, published as an Appendix to this 
report. No responsibility for the figures given therein is assumed by the 
committee or the Society. 


ALUMINUM, SUPER-PURE 
Producer: Cie. de Produits Chimiques et Electrometallurgiques, France, Mr. 


Gaston G. Gauthier, Chief, Research Laboratories. 


Form, Cost, Amount ond Availability: Not yet known. Negotiations in progress. 


Purity: 
onductivity (per centage of copper).................ee00: 65.45 to65.35 per cent 


Note.—Copied from “The Conductivity of Super-Purity Aluminum: The Influence 
Sir mg Additions” by Mr. Gaston G. Gauthier, Journal, Inst. Metals (British), 
al 1936 

Negotiations are in progress with The British Aluminum Co. which, it is hoped, will 
uke available a super-pure aluminum of possibly 99.995 with copper, silicon and iron 
the — a This, of course, is not a commercial grade and has not been hereto- 
‘ore available 


ANTIMONY 
Producer: Texas Mining and Smelting Co. 


Form and Cost: Not yet known. 

Availability: Best commercial grade “Lone Star,” guaranteed and sold on a 
tasis of minimum 99.80 per cent antimony, with arsenic not over 0.05 per cent, and 
aly other element not over 0.10 per cent. 
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Purity: 
7 TYPICAL RANGE OF ANALysIS (NOTE 1) AVERAGE ANALysjs 
99.85 to 99.90 per cent 99.88 per cent 
0.015 to 0.030 per cent -025 per cent 
0.015 to 0.030 per cent -025 per cent 
0.013 to 0.020 per cent -O18 per cent 
0.010 per cent . 006 per cent 


0.040 per cent .035 per cent 


Nore 1.—Analysis (presumably chemical) furnished by producer. 

Note 2.—Producer will consider undertaking production of their highest purity grade 
for the benefit of the committee. Purity, analysis, form and grade have not been ascer- 
tained or agreed upon, but small sample has been received though not opened and examined, 

BisMUTH, SUPER-PURE 


_ Producer: Cerro de Pasco Copper Corp. 
Form: Shot or splash sample, small 1 to 1.5-oz. bars. 
Cost: Approximately $10.00 to $15.00 per pound when, as and if analyzed. 
Amount: Approximately 100 Ib. 
Availability: At discretion of committee. 
Purity: 99.9984 per cent or better. 
TypPIcAL ANALYSIS OF PRESENT 
Purity METAL (Note 1) 
Silver.... trace to 0.0003 per cent (Note 2) 
Copper 0.0001 to 0.0002 per cent 
0.0006 to 0.0010 per cent (Note 2) 
0.0001 to 0.0002 per cent (Note 2) 
0.0001 to 0.0004 per cent 
nil by Betterdorf test 
Tellurium : nil (see arsenic above) 
Tantalum, Gallium, Indium and Cadmium not known 


Nore 1.—Analysis (presumably chemical) furnished by producer. 
Nore 2.—Can possibly be reduced in the super-purity grade contemplated. 


CADMIUM, SUPER-PURE 
Producer: New Jersey Zinc Co. 
Form: Crystals (nodules). 
Cost: $40.00 per Ib. (minimum order 2 oz.). 


Amount: 10 lb. 
Availability: To committee or distributing agency. ae 


Purity: Possibly well over 99.99 per cent. Impurities—iron or copper or mag- 
nesium or lead, when present so low that no quantitative method has as yet been 
developed. Not all impurities mentioned are present in any one batch. 

Note.—The Consolidated Mining and Smelting Co. of Canada is said to have pro- 
duced a cadmium metal of exceptionally high purity but data is not at hand as 
complete analytical study. Its purity as published is said to be at least 99.999 per cent 
and to be ‘‘spectroscopically pure.” 


COPPER 


Producer: U.S. Metals Refining Co. 
Form: Cut cathode or powder. 

Cost: Not known as yet. 

Amount: Not known as yet. 
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Availability: Not known as yet. 


Purity: Still in experimental stage. ; 


Note.—Adam Hilger, Ltd., supplies copper rods 5 mm. by 17.5 cm. of a rated purity 
f 99.994 per cent (Metals = 0.006 — oxygen trace). 


IRON, SUPER-PURE 


Producer: Westinghouse Electric and Mfg. Co. (Research Laboratory). 

Form: Can be rolled to a size selected by the committee. 

Cost: $5.00 per Ib.; Minimum order 1 Ib.; no analysis furnished. 

Amount: +200-Ib. lots. 

Availability: 1 bar of 200 Jb. on hand, not rolled as yet. 

Purity: 99.95 + per cent. 

Analysis: Data below for a lot made 2 yrs. ago. Except for the carbon and 
oxygen this analysis was performed by Mr. Sam. Judd Lewis, London, England, 
consultant for Adam Hilger, Ltd. 


grade 
n ascer- 
amined, 


less than 0.010 
less than 0.010 
less than 0.005 
less than 0.005 


per cent 
per cent 
per cent 


percent 


HIGHEStT- 
) 
Note 2) 


Note 2) 
Note 2) 


or mag- 
ret been 


ave pro- 
d as to 
per cent 


Nitrogen 
Phosphorus 
Manganese 


less than 0.004 
less than 0.003 
less than 0.003 


per cent 
per cent 
per cent 


less than 0. 
less than 0. 
less than 0. 
less than 0. 
less than 0. 
less than 0. 
less than 0. 


002 per cent 
001 per cent 
001 per cent 
0004 per cent 
0002 per cent 
0001 per cent 
0001 per cent 


Magnesium 

Nickel 

Vanadium 

Tungsten 
Germanium 
Antimony 

Iron (by difference) 


| slight traces, but each less 


than 0.00005 per cent 
not run 


not run 


more than 99.95 per cent 


Note.—One of the iron carbonyls is said to have been used abroad in studies of the 


wave-lengths of iron. 


LEAD, SUPER-PURE 


Producer: American Smelting and Refining Co. (Research Department). 


Form: Small bars +1 Ib. 

Cost: Not determined. 

Amount: Several tons. 

Availability: 100 to 200 Ib. at disposal of committee. 
Purity: Probably minimum of 99.9999 per cent. 
Analysis: Chemical and Spectrographic. 
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less than 0.00001 per cent 


less than 0.00004 per cent 
less than 0.00001 per cent? 
each less than 0.00001 per cent: 
0.0001 per cent? 

less than 0.0001 per cent ¢ 

less than 0.0001 per cent 

less than 0.0001 per cent ¢ 

less than 0.0001 per cent ¢ 

less than 0.0001 per cent 

less than 0.0001 per cent 


* Determined spectrographically with special technique. 

+ Not detectable spectrographically with special technique. 

© Not detectable spectrographically even from a precipitate from a 1000-g. sample. 
Can be removed by remelting and cleaning in glass. 

¢ Not detectable chemically or spectrographically. 


MAGNESIUM, SUPER-PURE 


Producer: Dow Chemical Co. 

Form: 1-\b. ingots. Possibly also as small bars 3 in. square by 6 in. long. 

Cost: $2.00 per lb. with analysis in 50-Ib., min., lots. | 

Amounts: Minirnum order, 50 Ib. 

Availability: In 50-lb. lots to order of committee or distributor designated by 
them. 

Purity: Not less than 99.97 per cent. 

Analysis: Typical as furnished by producer by combined chemical and spectro- 

graphic methods: 


0.005 per cent 
less than 0.005 per cent 


less than 0.001 per cent 
less than 0.001 per cent 
less than 0.0002 per cent 
Manganese less than 0.0002 per cent 
Copper less than 0.0001 per cent 
_ Magnesium (by difference) more than 99.97 per cent 


With the exception possibly of potassium (the concentration of which is possibly sim- 
ilar to sodium) no other metals are detectable by ordinary methods of spectroscopic analysis. 


NICKEL 
Producer: International Nickel Co. _ 


Form: Rectangular pencils sheared from a cathodic deposit. 

Cost: Not determined definitely. 

Amount: +1000 g. expected. 

Availability: Present plans to make up free for the committee do not include 
provision for packing and distributing or for cost of analysis. 

Purity: As high or higher than any yet experimentally produced. Definite data 
will require development of special painstaking analytical methods. 

Analysis: Analyst to be arranged for or possibly recommended by the committee. 


_ Norte.—Adam Hilger, Ltd., supplies nickel in flakes of a rated purity of 99.97 per cent 
(iron 0.004 to 0.01 per cent, carbon and oxygen, traces). 
TIN, SUPER-PURE 


Producer: Vulcan Detinning Co. 
Form: Small bars +95 g. as melted in heat-resistant glass and cast in porcelain. 


: 
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Cost: Not as yet determined. 

Amount: 500 g. 

Availability: Pending arrangements for distribution and analysis. 

Purity: (99.995 per cent + 0.002 per cent?) Not as yet precisely determined, 
but probably as high or higher than any other available. 

Analysis: Arrangements for analysis still to be made. A preliminary and partial 
spectrographic analysis contributed by Lucius Pitkin, Inc., indicates an impurity 
content of the following order: 


not detected 
less than 0.0001 per cent 
+(.0005 per cent (as first washed in HCl) 
+(0.0001 per cent (Note) 
Magnesium +().0002 per cent (Note) 
Arsenic and Antimony possibly of the order of 0.004 per cent (Note) 


Note.—High-purity carbon anodes are perhaps the source of the silver and mag- 
nesium, and some arsenic may have come from the glass in which melted 

The American Smelting and Refining Co. has made, for its own use, an extraordinarily 
high-purity tin, but the amount was small and it is no longer available. 


ZINC, Two GRADES 
S. P. Grade 


Producer: New Jersey Zinc Co. 

Form: Crystals (as distilled). 

Cost: $20.00 per Ib. 

Availability: Not for general distribution. 

Purity: 99.9999 per cent. ——- 

Analysis: Lead line suspected, no other impurities by conventional spectrographic 
analysis. 


C. P. Grade q 


Producer: New Jersey Zinc Co. 
Form: Sticks } in. in diameter by 8 in. in length, weight approximately 45 g. 
Cost: 


2sticks +90 g. or oz. 
Ssticks +225 g. or +} Ib 
— +450 g. or +] Ib 


Availability: May be procured from Lucius Pitkin, Inc., 47 Fulton St., 
York City. 

Amount: 200 Ib. 

Purity: 99.998 per cent, by difference. 

Analysis: By Lucius Pitkin, Inc. Spectrochemical analysis for lead, copper, 
iton, cadmium and tin. Chemical analysis for arsenic. 


4. 


0.00015 per cent 
0.00003 per cent 
0.00100 per cent 
0.00005 per cent 
less than 0.00005 per cent 
less than 0.00001 per cent 
99.9987 per cent 
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SILVER 


Producer: Handy & Harman. 

Arrangements pending. Probably ready within a year. Adam Hilger, Ltd, 
supplies cast rods of a rated purity of 99.99 per cent containing but the most minute 
trace (?) of Copper. 

Handy & Harman have produced 3-in. rod for use as spectroscopic electrodes 
= by present analytica] technique, has a purity of 99.993 per cent, or perhaps 
better. 

GoLp 


Producer: Previous high purity made by Lucius Pitkin, Inc. None available, 
-Spectrographic evidence showed faint copper line by arc but not by spark. No 
lead line discernible. A “proof gold” grade is available in thin rolled strips, but 
demand has not justified any complete analysis. Purity ordinarily is over 99,998 
cent. 

. Proof gold made by the U. S. Mint or Assay Offices, for their own use only of 
_ course, is thought at times to reach a purity of 99.998 per cent also. 


PLATINUM 


A very high purity wire, carefully tested for maximum conductivity and minimum 
resistivity, has been made and is available from Sigmund Cohn, 44 Gold St., New 
York City at a price which naturally carries a premium above the market price of 
commercial platinum. 

They estimate the purity to be possibly as high as 99.9999 per cent based pri- 
marily on electromotive force and, to a more restricted extent, on spectrographic 
measurements. 

Baker & Co. have produced high-purity platinum and palladium which by con- 
ventional methods have a purity higher than 99.999 per cent and will on order engage 
to produce as high-purity metals as can be made within permissible costs. 

Adam Hilger, Ltd., supplies platinum in 3-mm. rod of a rated purity of 99.999 
per cent. 


MANGANESE 


Not yet undertaken for committee pending extent of demand. No negotiations 
in progress. 
CHROMIUM 


a 


MOLYBDENUM 
at 


CARBON 


There appears to be a field for super-purity carbons (Gereinigte Spektralkohlen) 
(of the carbon, not graphitized carbon, type) such as are available abroad from Gebr. 
Ruhstrat A. G., Goettingen. 


Same as for manganese. 


Same as for manganese. 


Same as for manganese. 


MISCELLANEOUS 


Certain metals and salts designed for use as spectrographic standards may also 
be procured from Adam Hilger, Ltd., or through their agents in this country. Salts 
or compounds may at times be preferable even to the pure metal and will be con- 
sidered by the committee. 
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SUMMARY 


Ltd 
minute 


This report is offered with the understanding that the companies 
mentioned are not to be approached direct by readers unless specifically 4 
so noted. 

“trodes The report is further designed to encourage a flow of information to 
erhaps the committee on production, methods of checking and retaining purity, 
ind of availability, forms, and cost. _ 


A 


‘lable Respectfully submitted on behalf of the subcommittee, 
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SUPER-PURITY METALS 
By Tuomas A. WricutT! 


The subject of high or super-purity metals is more complex than may appear at 
first sight. To procure and make available such metal requires consideration of at 
least the major factors to be enumerated. Obviously, the production is best carried 
out by an organization aware of the desirability of having available such unusual 
material, staffed by an interested and capable scientific personnel, equipped with 
proper facilities or prepared to install them and not unmindful that in large part they 
are making a contribution to their fellow workers in science and industry. Rarely, 
in the initial stages at least, will there be any monetary return commensurate with 
: the task or the responsibilities involved. The reward is rather in the task itself and 
in the gratitude of one’s fellows and the resultant contributions to science that will 
ensue. Later may come tangible returns. 
In this project of Subcommittee V on Standards and Pure Materials, of the 
Society’s Committee E-2 on Spectrographic Analysis, the purpose is primarily to make 
ips A metals which may serve as basic, fundamental spectrographic standards. 
Science progresses by cooperation, however, so sight has not been lost of the fact 
that such super-purity metals, once available, will, in the next decade, be in great 
demand by other chemists, research metallurgists and physicists. It is well that 
this is so, for greater demand will permit of attaining more collateral checks as to 
purity, greater improvement in production and handling and, incidentally, lower 
unit costs. Fortunately for the spectroscopist, high as the premium in some instances 
may appear, the actual cost due to the relatively small amounts used will be relatively 
small compared to that which a research metallurgist would encur. 
If one were to describe the ideal super-purity metal, it should meet requirements 
_ such as the following: 
1. Highest purity possible within our present technique, 
2. Be accompanied by a report of analysis, 
. Be obtainable in various forms, 
. Be obtainable in quantities from 1 g. up, 
. Storage and container conditions should be carefully controlled, | 
. Ease of recontamination should be recognized, 
. Distribution should preferably be from a centralized point, 
8. Cost should not be prohibitive, and 
. All of the several metals used regularly as the base or major components of 
alloys at least should be available. 


These factors warrant more detailed study. _ 


Purity: 


The ideal or truly pure metal is, of course, the element as such for we have come 
to a greater realization in the last decade that some of our really high-purity metals, 
1 Technical Director and Secretary, Lucius Pitkin, Inc., New York City. 
(538) 
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for certain purposes and from an increasingly wider viewpoint, are, in effect, alloys. 
We have revised certain of our physical constants as more refined metals have become 
available and we may change some of our concepts. Nevertheless, it seems necessary 
at this time to eliminate from our major consideration, at least, the subject of gases 
in these metals. And we shall use the term “super-purity” (or S.P.) rather than the 
misnomer ‘‘spectroscopically pure,” or the even more indefinite and unsatisfactory 
term “chemically pure.” Both of the latter terms are far too dependent upon the 
technique employed in analysis to be justified. Extraordinarily pure as one or two 
available metals are, the author knows of none to which the term ‘‘spectroscopically 
pure” may be scientifically applied though two at least will defy proof that they are 
not what we might call ‘‘chemically pure,” if we could call anything such. For the 
time being such terms, when so employed by the producer, will be used in order to 
identify them. 

Several other factors come to mind. One is the concentration of what we must 
here call “impurities,” that is, inherent or attendant elements; and the other is 
contaminants. In considering these we shall also have most in mind at present those 
attendant elements which disclose themselves, or should, with proper emission spec- 
trography technique, even though that may require either a specific emission procedure 
or a prior chemical concentration. 

In refining a metal it is not, as might be first thought, always necessary to start 
with one of the commercially refined grades. On the contrary, quite the reverse may 
be true, particularly if there is some major impurity which can be precipitated and 
thus co-precipitate and thereby eliminate all or a greater part of other allied impurities. 
This may be of particular advantage if there is some one or more elements present 
which otherwise may be concentrated from stage to stage, for example, of resublima- 
tion or electro-deposition. One must also keep in mind that there are other than 
the conventional impurity elements which we may not usually think of as being present. 
These, too, must be removed but may require the development of a special process or 
acombination of purification and refining procedure. 

Again in the refining, whether it be electrochemical or what, a major difficulty 
may be the introduction of similar or foreign impurities. Prevention of contamination, 
particularly if melting has been or must be resorted to, may, as a matter of fact, be 
the most difficult phase of production, and for some metals an almost unsurmountable 
one. So much so that for certain purposes, requiring a freedom from contamination 
which is in some cases not attainable by any one melting procedure, it is conceivably 
possible that one type of crucible may be indicated in one case and a second type 
inanother. Sodium, so common in perspiration, in ceramics, and in the atmosphere 
along the coast offers, in its avoidance, particular difficulty. Atmospheric dust is 
to be avoided. 

As a further illustration of the extraordinary care needed, tin may serve as an 
example as melted in a quartz or a heat-resistant glass and cast in small bars, using a 
porcelain combustion boat as a mold. Yet one must consider and check whether 
certain constituents of the glass may not have recontaminated the melt. It is true 
that one may prepare this metal conveniently by pouring into distilled water to make 
a shot or moss and for some purposes this might be more desirable than small bars. 
Fine sawings or raspings, however, are seemingly very convenient for a spectroscopist 
where a solid sample is being arced. But, when so prepared, it is imperative that the 
sawings be washed in acid to remove the adherent film of iron introduced from use 
of a hack saw blade or rasp. Experience has shown that despite the care taken in 
slecting a clean smooth blade, as much as 0.003 per cent of iron may thus be 
introduced into tin sawings. 
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Analysis: 
Even in the production of as high as 100 or 200 Ib. of a super-purity grade of 
metal, expensive and time consuming as that may be, the cost may be less than that 
_of obtaining a correct conception of the actual purity. The analysis of such metals js 
_ no mean problem requiring, as it may, a carefully planned prior chemical separation, 
— or concentration of the suspected impurities. At first glance it might be 
thought that the metal would serve as a standard provided that the regular spectro- 
graphic technique employed would not disclose the presence of “x” element. (No 
doubt this is true in many cases for there is never any warrant for using a needlessly 
pure but expensive metal. One must, however, be prepared to define the word 
“needlessly.”) More considered thought will show this is not the case. For example, 
one may be employing two of these metals to make a standard alloy, only one of which 
_ has shown either arsenic or cadmium in amounts too small for either to be resolved by 
’ the spectrograph available when examined for by conventional spectrographic methods, 
and while we may not report them as being in the other metal “‘absent” (a term 
unfortunately used erroneously too often) yet we would report (for routine or normal 
_ purposes) “not detected” or “not found.” In the type of studies contemplated under 
this project, if those terms are employed, we must limit them by defining the technique 
employed. 

We must also recall that spectrography as applied to metallurgy is a means, not 
_anend in itself. It is an art, or science, if you will, employed as one phase of a research, 
_ development, or exploratory study or for control of purchases and production. It may 
be essential in the first three items that no element goes undisclosed for we know that 
metallurgical effects may be additive, that some of our so-called facts are conceptions 
only and some may be misconceptions, that the presence of one element may offset 
another, that all attendant elements are not necessarily impurities, though we usually 
think of, and call them such, and that we have a growing list of examples of the 
importance of one-time ‘“‘trace” elements. If the chemist or metallurgist may not 
ignore the fourth or sixth decimal place, what shall one say of the physicist in his 
determination of electrical resistivity or of the student of corrosion tracking down 
fundamentals. 

We have then the problem of concerted attack on the methods of analysis to be 
employed, which for others than the spectroscopist must sooner or later involve the 
_ determination of the gases and other elements not within the province of conventional 
arc or spark emission spectrography. Fortunately, a start has been made and certain 
of the metals now or to be made available will be furnished with at least partial 
analyses. Wemco iron, S.P. zinc and the very new 99.9999+ per cent lead are 
particularly good examples of the very difficult type of analytical technique required, 
the data being supplied in this case from the laboratories of the producers. Con- 
ventional methods carried out by unconventional chemists must be supplemented by 
all the tools, ingenuity and skill available. Spectrography, macrochemical analysis, 
chemical microscopy, microchemistry, spot tests, fluorescence, all come to mind. It 
may even be that end and by-products must be examined as a check in some cases on 
efficiency of elimination. Certainly those who will tackle this analytical nut must be 
of an inquiring nature and capable of self criticism. 


Form: 


The form in which such materials are available depends primarily on the purifi- 
cation procedure. Cementation, sublimation or even electrodeposition may give 4 
powder where the spectroscopist may prefer a bar or rod suitable as a self -electrode of 
capable of being drawn into wire. An unusually high-purity gold made some years 
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go for the Cancer Research Institute (Crocker Foundation) serves as an illustration. 
rade of Vet a cathode may also permit of cutting into strips though pickling may needs follow 
an that » remove tool contamination. Shot and moss have been mentioned. Powder and 
etals is od of ;; in. in diameter appear to be often the more desirable but rod may be 


ration, sompressed from powder, 


(No Requests as to amounts desired range in weight from a single gram to as much as 
-dlessly 3kg. Quantities of from 1 oz. to 1 lb. will cover most demands of spectroscopists. For 
e word sme studies of a fundamentally precise nature 1 lb. of some metals may be little 
ample, enough. 
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Storage: 

If super-purity metals are produced they must be kept so. Dust, moisture and 
atmospheric impurities in general must be avoided. Transparent wrappings some- 
times employed for high-purity carbons and metal rods must be examined of them- 
selves and selected carefully for freedom from inherent or coating contaminants. An 
acetate wrapper may be preferable even to a moisture-proof cellophane. In any event, 
an acid wash is advisable just prior to use, where no harm and much good may ensue, 
particularly if the material has been handled. One may not, for example, handle 
search, super-pure aluminum with the fingers without assuming that sodium has contaminated 
It may it. Glass cc mtainers should be wear-resistant and preferably fitted with a screw closure 
w that of the plastic type containing no metal insert. Glass-stoppered bottles should be 
avoided as offering ready ingress of settled dust. If the metal has been made into 
standard solutions, initial calibration at least may require duplicate solutions made up 


ns, not 


” 


options 
r offset 
usually 


in quartz or in some solution-resistant glass. Arsenic, zinc and boron may be intro- _ 
of the duced from a glass container, and, of course, sodium, silica, and calcium. 


ay not 
in his 
_ down As will have been noticed the matter of recontamination has cropped up here and 
: there throughout this paper. ‘This is as it should be. The possibility should never 

be lost sight of, 


ve the Distribution: 


nestain Distribution is a problem. Organizations dealing in carload lots but which will 


partial readily agree to produce or which have produced super-pure metals naturally do not 
ad on s wish to be bothered with parcelling out small items like a pound, much less an ounce 
quired, ra gram. Nor do they lightly engage some other organization unless they feel 
Con- certain that the attendant grave responsibilities are appreciated and that the high 
ted by purity so laboriously attained will be respected and retained. While the author’s 
alysis, organization is distributing one high-grade metal—not the very highest, however— 
d. It and is even furnishing with each order a copy of the analysis covering the six important 
ses Of mpurities and may shortly handle one or two more other metals, but of the super- 
ust be purity type, nevertheless, there is a growing demand for a central distributing agency. 
This is quite understandable. 
The National Bureau of Standards has been suggested for obvious reasons. 
There is little that can be said against the plan and much to commend it. It is possible 
purifi- that one or more producers or sponsors may agree to supply a certain amount free in 
give a the event the Bureau would engage to make the required analysis or check analysis. 
‘ode or Incidentally, it is also possible that some S.P. metals may be made available without 
» years ‘ust to members of Committee E-2, but without analyses on condition that they 
teport their findings. 


Recontamination: 
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Cost: 

The price will vary over a wide range. It may cost as much to produce a gram 
of one metal as a pound of another. The cost of the analysis may be far greater than 
the cost of production and must always be spread over the weight produced whether 
it be 500 g. or a ton. Overhead handling charges are as great for 1 g. as for 100 Ih, 
The cost of the container and of transportation may vary but that is all, except in 
some cases it would be less costly to give away an ounce or so than to weigh out a gram, 


The Metals: 
At present some super-purity metals have been procuced but are not available, 
some are in the experimental stages, some have been produced but are not analyzed, 
some are yet to be started in production and some are produced, in part analyzed, 
and it only remains to arrange for distribution, and one or two are available. All 
except one are of American production. Effort has been concentrated on the following 
twelve elements, the assumed composition being: 
99.997 per cent . 9998 + per cent 
99.90+ per cent .97+ per cent 
99.998+ per cent 
99.99+ per cent ilve .999 per cent 
? .99-+> per cent 
.995-+ per cent . 999+ per cent 
.998-+ per cent 
Gold and platinum have both been produced in a super-pure state. The latter 
may be available in wire form checked for purity by extended work on resistivity. 
Carbon, while not a metal, is of paramount importance to the spectroscopist and 
is a source of continued trial and investigation, particularly as to graphitized rod 
form. Ungraphitized carbon for electrodes appears to be foreign in production and 
preferred abroad. 


Availability: 
Until such time as proper arrangements have been made for distribution it does 
not seem wise to publish the addresses of sources. — 7 


| 
= 


grat 


iter than 

= REPORT OF COMMITTEE E-3 

r 100 Ih 

Xcept in 

 @ gram. CHEMICAL ANALYSIS OF METALS 

vailable Committee E-3 on Chemical Analysis of Metals held one meeting 
nalyzed, during the year, on June 30, 1936, at Atlantic City, N. J., during the annual 


nalyzed, meeting of the Society. By-laws governing the activities of the committee, 
=. Al supplementary to the general Society’s Regulations, have been prepared 
and approved by letter ballot of the committee. On the basis of these 
by-laws a more complete subcommittee organization has been developed. 


ollowing 


a At a meeting of the committee held on June 30, 1935, at New York 
City, the following resolution was considered at length and was approved 

meal in substance and referred to the Advisory Committee for further study 

- — before submission to letter ballot of the committee: 

» fetter Methods of sampling and analysis devised by Committee E-3 on Chemical 

‘ty. Analysis of Metals shall show as close an approach to accuracy as is in accord with 

iat ond allowable costs and good analytical practice. 


ed tod During the year 24 new members have been added and 1 member 
nalows resigned, leaving a net increase of 23 members and bringing the total 
membership of the committee up to 50. 
Ferrous Division.—Subsequent to the last annual meeting of the 
Society, the Ferrous Division completed the revision of analytical methods 
for the determination of some 17 elements in steel and iron, which were 
presented! to the Society through Committee E-10 on Standards. These 
methods, entitled Tentative Methods of Chemical Analysis of Steel, Cast 
Iron, Open-Hearth Iron and Wrought Iron (E 30-36 T),? were accepted 
for publication as tentative on August 26, 1936, to replace the following 
standards which were accordingly withdrawn: 


Standard Methods of: ie 


Chemical Analysis of Plain Carbon Steel (A 33 — 24), 

Chemical Analysis of Alloy Steels (A 55 — 24), 

Sampling Rolled and Forged Steel Products for Check Analysis (A 130-30), and | 
Sampling and Chemical Analysis of Pig and Cast Iron (A 64 - 27). 


The committee also recommended! through Committee E-10 that all 
of the existing standard methods of chemical analysis under its jurisdiction 
applicable to the ferro-alloys and the non-ferrous metals, as indicated below, 


‘In submitting these recommendations to Committee E-10 on Standards, Committee E-3 reported results 
of the letter ballot vote as follows: Of a total membership of 28, 25 members returned their ballots, all of whom 
matively. 
4A.S.T.M. Methods of Chemical Analyses of Metals, p. 1, 1936. 
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be reverted to a tentative status since it planned further to develop and 
improve the analytical procedures on these subjects and to consolidate 
certain of the present methods: 


Standard Methods of: 


Sampling Ferro-Alloys (A 103 - 27), 

Chemical Analysis of Ferro-Alloys (A 104 - 27), 

Chemical Analysis of Ferrotungsten and Ferromolybdenum (A 104 - 34), 
Chemical Analysis of Alloys of Lead, Tin, Antimony and Copper (B 18 - 21), 
Chemical Analysis of Manganese Bronze (B 27 - 19), 

Chemical Analysis of Gun Metal (B 28 - 19), 

Battery Assay of Copper (B 34 - 20), 

Chemical Analysis of Pig Lead (B 35 — 24), 

Chemical Analysis of Slab Zinc (Spelter) (B 38 - 21), 

Chemical Analysis of Aluminum and Light Aluminum Alloys (B 40 — 35), 
Chemical Analysis of Nickel (B 41 - 23), 

Chemical Analysis of Brass Ingots and Sand Castings (B 45 — 27), 

Chemical Analysis of Bronze Bearing Metal (B 46 - 27), and 

Chemical Analysis of Silver Solders (B 81 - 33). 


This recommendation was accepted and all of the above standards 
were reverted to tentative and are published in “A.S.T.M. Methods of 
Chemical Analyses of Metals, 1936.” 

The Ferrous Division, after a brief respite from its activities, is studying 
methods for the determination of aluminum, columbium, boron and nitro- 
_ gen, and has undertaken a revision of the Tentative Methods of Chemical 

Analysis of Ferro-Alloys (A 104 — 36 T). 
| Non-Ferrous Division.—The first meeting of this division was held in 
Washington, D. C., on November 13. A general discussion was held on 
_ the problem of revising the present A.S.T.M. methods for the analysis of 
4 non-ferrous alloys. It was decided to establish a number of subcommittees. 
The respective chairmen were appointed later by the division chaizmen, 
follows: 


I on Copper, Nickel and Their Alloys (R. P. Nevers, chairman), — 

II on Lead, Tin, Antimony, Bismuth and Their Alloys (J. B. Mosley, 
chairman), 

TIT on Aluminum, Magnesium and Their Alloys (J. G. G. Frost, 
chairman), 

IV on Zinc and Its Alloys (R. W. Coltman, chairman), and 

V on Precious Metals and Their Alloys (R. H. Leach, chairman). 


Subcommittees I, II and IV are engaged, respectively, in the revision 

| of the Tentative Methods of Chemical Analyses of Manganese Bronze 
(B 27 - 36 T), of Alloys of Lead, Tin, Antimony and Copper (B 18 - 36 1), 

and of Slab Zinc (Spelter) (B38-36T), 
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P and There has recently been referred to the Non-Ferrous Division a request 
lidate from Committee A-5 on Corrosion of Iron and Steel for the development of a 
procedure for the determination of small quantities of aluminum in zinc. 

At the request of Committee B-7 on Light Metals and Alloys, Cast and 
Wrought, it also plans to prepare procedures for the analysis of aluminum- 
base alloys for both permanent mold and sand castings. 

Sampling Division.—This Division will be organized shortly and will 
undertake a study of the sampling provisions appearing in the various 
tentative methods of chemical analysis of non-ferrous metals and alloys. 


This report has been submitted to letter ballot of the committee which _ 
consists of 38 members; 30 members returned their ballots, all of whom 


have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


G. E. F. LunpDELL, | 
Chairman. 
H. A. BRIGHT, 
Secretary. 
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REPORT OF COMMITTEE E-4 


ON 
METALLOGRAPHY 


A meeting of Committee E-4 on Metallography was held during the 
annual meeting of the Society in Atlantic City, N. J., on July 2, 1936. 
The important activities of the committee during the year have been the 
work of Subcommittee VI on X-ray Methods in preparing for publication 
the Symposium on Radiography and X-ray Diffraction Methods,! which 
was held at the 1936 annual meeting, and the organization of a Special 
Subcommittee on Grain Characteristics of Steel for the purpose of revising 
the Standard Grain Size Chart for Classification of Steels (E 19 - 33). 

Committee E-4 records with deep regret the loss of one of its valued 
members in the death on December 16, 1936, of Dr. William Campbell. % 


ACTIVITIES OF SUBCOMMITTEES ; 


Subcommittee IV on Photography (L. V. Foster, chairman).—The 
Standard Rules Governing the: Preparation of Micrographs of Metals and 
Alloys, Including Recommended Practice for Photography as Applied to 
Metallography (E 2 — 36), revised last year, were submitted in their amended 
form to the American Standards Association for approval as American 
standard. ‘The rules were approved on October 21, 1936, and have been 
assigned the A.S.A. designation: Z30.1-1936. 

Subcommittee VI on X-ray Methods (H. H. Lester, chairman).—With 
the resignation of R. F. Mehl, the chairmanship of this subcommittee has 
been placed in the hands of H. H. Lester of the U. S. War Department, 
Watertown Arsenal. The subcommittee has been actively engaged during 
the year in connection with the publication of the Symposium on Radiog- 
raphy and X-ray Diffraction Methods! which has been issued as a separate 
volume of 340 pages. ‘This compilation constitutes a valuable addition 
to the literature, and fills a very definite need as is evidenced by the demand 
for copies. 

Subcommittee VI held a meeting in New York City on February 17, 
1937, to discuss the scope of its activities. As a result, the following 
proposals were recommended: 


1. That a separate standing committee of the Society be organized to 
_ consider the subject of radiography; 


1 Published by the American Society for Testing Materials (1936). (Available as separate publication.) 
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2. That the study of X-ray diffraction methods be continued as the 
principal activity of Subcommittee VI; and 

3. That the chairman of Committee E-4 be requested to invite various 
metallurgical societies to be represented at a meeting for the 
purpose of discussing the formation of a general committee on 
X-ray diffraction work in industry. 


These proposals were submitted to letter ballot of the subcommittee, 
which consists of 10 members; 7 members returned their ballots, all of 


the whom voted affirmatively. 

36. The first two proposals will receive the attention of Committee E-4 

the at its next meeting, to be held during the approaching annual meeting of 

ion the Society. 

ich In line with the third proposal, the Chairman of Committee E-4 

‘ial arranged a joint meeting on April 15, in New York City, of representatives 

ing of the American Institute of Mining and Metallurgical Engineers, American 
Society for Metals, American Institute of Physics and the A.S.T.M., at 

ied which it was decided that useful work could be accomplished by holding 

7 informal conferences under the sponsorship of the American Institute of 
Physics for a discussion of the fundamental problems of metallurgy. Among 


other things, these conferences would point out the best applications of 


he X-ray diffraction methods. ‘The first of these conferences is to be held 
nd on June 28, during the annual meeting of the Society in New York City, 
to and will be devoted to considerations of the physical basis of metal 
ed properties. 
an Special Subcommittee on Grain Characteristics of Steel (M. A. Gross- 
en mann, chairman).—This special subcommittee has been reorganized under 
the chairmanship of M. A. Grossmann of the Carnegie-IIlinois Steel Co. 
th The membership is as follows: 
a M. A. Grossmann (chairman) 
t, R. H. Aborn 
1g O. E. Harder 
g- _H. B. Knowlton 
Reinhold Schem 
d J. F. Wyzalek 
7, A meeting of the subcommittee was held on March 3 in Chicago, during 
4 the spring group meetings of A.S.T.M. committees, for the purpose of con- 
sidering a proposed grain size standard which meets some of the objections 
0 to the present Standard Grain Size Chart for Classification of Steels (E 19 - 


33). The proposed chart has been circulated in the subcommittee and 
will be reported at the next meeting of Committee E-4. 
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This report has been submitted to letter ballot of the committee, which 


consists of 49 members; 36 members returned their ballots, all of whom 
have voted aflirmatively. 


_ Respectfully submitted on behalf of the committee, 
Joun T. Norton, 


J. J. Bowman, 


Secretary. 
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Committee E-9 on Research is charged with the duty of annually 
reviewing ‘‘the progress of the Society’s research activities.” This is very 
adequately carried out through the medium of the October issue of the 
ASTM Bulletin. But this committee has also followed the procedure 
common to that of all active committees of the Society of rendering a 
report at the annual meeting. In so far, therefore, as this report covers 
the activities of the research committees, it is in the nature of a brief re- 
iteration of the findings of those committees as presented concurrently at 
this meeting. In order, however, that those who are interested in what 
has been accomplished in research may have this information readily at 
hand in a condensed form, there is abstracted herewith some of the ac- 
complishments in research during the year of both the research committees 
and the standing committees. 


Research Committee Activities: 


The Research Committee on Yield Point of Structural Steel has been 
functioning since 1926. To date it has presented five series of reports 
which appear in the Society’s Proceedings, Vols. 27 to 31, inclusive. A 
lull then occurred in its activities, but once again at this meeting it is 
reporting on the effect of aging on the yield point of structural steel as 
well as presenting its final conclusions and recommendations.? This late 
work has been possible through the cooperation of the Carnegie-Illinois 
Steel Co. and the Bethlehem Steel Co. in furnishing the needed steel, 
and the cooperation of the Rensselaer Polytechnic Institute and the 
University of Wisconsin, as well as the two steel companies and Lehigh 
University, in carrying out the tests. 

This last phase of the Yield Point Committee’s work has shown that 
there is a definite measurable effect of aging in so far as it concerns yield 
point and ductility. This is of such moment as to lead the committee to 
suggest that the metallurgist in particular should concern himself in de- 
termining the reason for this as well as to determine more adequately the 


Vy, ' Proceedings, Am. Soc. Testing Mats., Vol. 27, Part I, p. 646 (1927); Vol. 28, Part I, p. 105 (1928); 
+2. Post I. p. 101 (1929) Vol. 30, Part I, p. 133 (1930); and Vol. 31, Part I, p. 136 (1931). 
p. 87. 
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magnitude of the age effects. It further recommends that the factors affect 
ing the yield point of the various alloy steels entering the structural field 
be studied. Apparently, therefore, the committee indirectly recommends 
that its activities be continued notwithstanding its final report. The 
committee also makes definite recommendations as to the testing machine 
speeds to be used in the vicinity of the yield point and the location of the 
test specimens to be cut from steel shapes. 

The Research Committee on Fatigue of Metals reports! that none of its 
work has advanced sufficiently to permit of its publishing data or con- 
clusions this year. However, it has been following the investigations being 
carried on of interest to it. It presents as information two types of nomen- 
clature, but does not indicate now which is to be preferred. 

The Joint Research Committee on Effect of Temperature on the Properties 
of Metals of the American Society of Mechanical Engineers and the A.S.T.M. 
has been successful in having pledged $19,500 for the carrying out of its 
work. ‘These funds permitted enlargement of the work, and to do so 
effectively without undue burden on the membership, the joint committee 
was reorganized. Its current report? indicates the nature of the reorganiza- 
tion, the various problems now being studied, and their general status. 
Two of the problems are in such a stage as to warrant some detailed dis- 
cussion. ‘These are being presented at this meeting and cover “Long- 
Time Creep Tests of 18 per cent Chromium, 8 per cent Nickel Steel, and 
0.35 per cent Carbon Steel” and “Discrepancies in the Load-Carrying 
Abilities of Carbon Steel at 850 F.” 

The committee is recommending the continuation as tentative of the 
two methods of testing metals at high temperatures, namely, the Tentative 
Methods of Test for Short-Time High-Temperature Tension Tests of 
Metallic Materials (EF 21-34 T)* and for Long-Time (Creep) High- 
Temperature Tension Tests of Metallic Materials (E 22-35 T).4 Re- 
visions in the former, dealing with short-time testing are proposed, including 
a new method of preparation of cast tension specimens of heat-resistant 
metals for tests up to 2200 F. 

The committee also cooperated with the Committee on Plasticity, 
Division oi Applied Mechanics of the American Society of Mechanical 
Engineers, in arranging a technical session at the December, 1936, annual 
meeting of the A.S.M.E. At this session seven papers and reports were 
presented on creep and relaxation of steels. 

The Joint Committee on Exposure Tests of Plating on the Non-Ferrous 
Metals is a group of the American Electro-Platers’ Society, the National 
Bureau of Standards, and this Society. It reported its activities in last 

1See p. 157. 

2 See p. 164. 

* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1214 (1934); also 1936 Book of A.S.T.M. 
Tentative Standards, p. 1307. 


‘ Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 1291 (1935); also 1936 Book of A.S.T.M. 
Tentative Standards, p. 1316. 
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year’s 's Proceedings,} giving the program of its investigations and indicating 
that the present work is an expansion of work previously carried out by the 
Electro-Platers’ Society and the Bureau of Standards on exposure tests of 
electro-plated ferrous metals. Both the fields of ferrous and non-ferrous 
metals are now covered with exposures at Key West, Fla., New York City, 
Sandy Hook, N. J., Pittsburgh and State College, Pa., and Washington, 
D.C. 

In the April issue of the Society’s Bulletin the chairman of the joint 
ommittee presented a report covering four inspections at Key West and 
three at each of the other stations during the last year. No conclusions 

re presented, but the report clearly showed that the committee is very 
_iive and has already obtained valuable data. The results also indicate 
the need of further extension of the work to cover the effects of cleaning 
and greasing the surfaces of the coatings and the plating of further speci- 
mens using different methods of preparation. 

The Joint Research Committee on Boiler Feedwater Studies is engaged 
in three specific studies.2_ The first of these, and the one which is receiving 
the most widespread attention, is concerned with the problem of caustic 
embrittlement. As a result of certain disclosures growing out of the com- 
mittee’s studies that have indicated intercrystalline cracking of boiler 
metal may be influenced by many more substances than sodium hydroxide, 
the committee is at present engaged in an effort to clarify the whole picture 
relating to caustic embrittlement. The studies of the committee have been 
divided into two distinct phases: first, investigation of chemical and physical 
factors that produce cracking; and, second, development and investigation 
of compounds that may prevent cracking. The committee has raised funds 
in support of this important project and now has on hand nearly $15,000 
for this purpose. 

The second study has to do with the method for determination of 
dissolved oxygen on which a final report is in course of preparation. Further 
work of the committee in examination of existing methods and the develop- 
ment of new methods, where necessary, for the determination of ions of 
significance in boiler feedwater and boiler water treatment has been tem- 
porarily held up pending procurement of funds to support this work. 

The third project, which has only recently been initiated, deals with the 
application of the processes of coagulation and sedimentation in the treat- 
ment of feedwater. The immediate work has to do with the problem of 
removal of silica from the feedwater. 

A fourth project of interest to the committee and to the industries 
concerned with the generation of steam is that of corrosion. While no 
active steps have been taken as yet in inaugurating a study of this subject, 

sgeeetines, Am. Soc. Testing Mats., Vol. 36, Part I, p. 212 (1936). 
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the committee has been taking an interest in various research projects in 
this field, including one at Purdue University in which the steam-metal 
reactions at high temperatures and pressures are being studied. 
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Research Committees of Other Societies on Which the A.S.T.M. Ha 
Representation: 


There are a number of organizations conducting research in which the 
Society is represented. The representatives make periodic reports to the 
Society for the benefit of all interested in the particular problem being 
studied. Among such are the following: 

Highway Research Board, National Research Council.Prévost Hub- 
bard, the Society’s representative on this Board, reports five major prob 
lems under study in which the membership of the Society will find much of 
interest. ‘These cover the following subjects: 


Compositions, 
Correlation of Research in Mineral Aggregates, 
Volume Changes in Concrete, - 
Fillers and Cushion Courses for Brick and Block Pavements, and - 
_ Characteristics of Asphalts. 


Effect of Freezing and Thawing on Concrete Containing Cement of Different 


American Bureau of Welding.—This organization has been succeeded 
by a Welding Research Committee under the auspices of the Engineering 
Foundation, the committee being a joint effort of the American Welding 
Society and the American Institute of Electrical Engineers. It is now 
functioning with three subcommittees, on one of which—industrial research 

this Society is represented by N. L. Mochel. It is suggested that the 
metals committees of the Society having any problems affecting welding 
bring them directly to Mr. Mochel’s attention. 

Research on Mechanical Springs——C. T. Edgerton, the Society’s 
representative on this research committee of the American Society of 
Mechanical Engineers, reports that a compendium of the present knowledge 
of spring materials under the title ‘‘Résumé of Spring Materials” is being 
prepared for publication. Fatigue tests on heavy helical springs are being 
continued and are expected to yield important and valuable data; there 
are indications that these data may require revision of methods of helical 
spring design and possibly changes in existing A.S.T.M. specifications. 


Research Progress of A.S.T.M. Committees: 


Following the usual procedure the annual review of A.S.T.M. research 
projects on properties of materials and methods of testing will be given in 
the October issue of the Bulletin. It is hoped that the membership will 
take enough time to note at least the various topics being studied. Modern 
conditions demand that most of us concentrate our attention on one or 4 
very few particular fields. We become so engrossed in these that we are 
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likely not to realize what is being done in the many fields of research in 
which the Society is interested. Last year’s review covered almost 130 
tems and this year’s review will present at least as many. Such broad 
ind intensive investigations surely must convince the public that before 
standards have been adopted by this Society there have been thorough 
studies of the deportment of the materials under various conditions of 
sage and of test methods that will indicate quality and adequate per- 
formance. 

New Activities: 

The corrosion of metals is receiving the active attention of a number of 
mmittees, that is, Committees A-5, A-10, B-3, B-6, and the Joint Com- 
mittee on Electro-Plating. There is also a considerable number of similar 
investigations being carried out abroad. As a result there has been a 
discussion of the advantages and needs of international coordination in this 
field. It has been further suggested that this Society might act as a clearing 
house in this country, including some arrangement that would make it 
possible for investigators throughout the country to keep themselves 
informed of each other’s programs. 

Committee B-6 on Die-Cast Metals and Alloys is planning to extend 
its researches to include exposure tests of three magnesium-base alloys. 

Committee E-4 on Metallography is conferring with representative 
groups of the American Institute of Physics, the American Institute of 
Mining and Metallurgical Engineers, and the American Society for Metals 
to bring about discussions of the application of X-ray diffraction methods to 
the study of the properties of metals. A round-table discussion on this 
general subject is being held during the present annual meeting. 

Committee D-1 on Paint, Varnish, Lacquer, and Related Products is 
studying ways and means of developing research on the testing of paints, 
with particular reference to the relationship between accelerated laboratory 
tests and service tests. A session of this annual meeting is devoted to a 
special symposium on this subject, sponsored by Committee D-1. 

The need of research in the field of asphalts has been stressed recently 
not only in this Society but in others interested in this class of material. 
Through the instrumentality of J. S. Miller, Jr., one of the members of the 
Research Committee, two sessions are being held at this meeting at which 
asphalt will furnish the topic for the papers. Not only will this serve to 
fulfill the functions of the Society in promoting knowledge of engineering 
materials, but will doubtless indicate many topics for research. _ 


Administrative Matters: 


T. S. Fuller was appointed to membership on the committee to succeed. 
Dr. H. W. Gillett, whose term expired a year ago. With this meeting the 
term of H. E. Smith expires and C. D. Holley has been appointed to 
succeed him. 
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Again, it is a pleasure to announce an unusually large increase in the 
principal of the A.S.T.M. research funds. Slightly over $373 was con. 
tributed from the Joint Committee on Investigation of Effect of Phosphorus 
and Sulfur in Steel, that amount remaining after the committee had com 
pleted its work. There was also added $2500 from the Society’s general 
funds, this representing in effect part of the entrance fees which together 
with certain other moneys have been held in a contingency reserve. It 
is also a very great pleasure to call attention to the handsome contribution 
of about $6500 to the principal of the Research Fund from Dr. Frank 0 
Clements, Past-President of the Society, announced in the Bulletin for 
March. ‘This brings the total of the principal to slightly over $19,500. 

During the year the committee approved grants to various committees 
totaling $1450, as follows: 


(a) $600 for the continuation of the program at the University of Illinois on the 
study of effect of speed of testing on the properties of concrete. This 
year’s work is devoted to a study of inelastic deformation as affected by 
rate of loading and particularly by the time interval that the load is held 
constant at each interval of loading. The results should be of consider- 
able value in showing the relation between plastic flow at very short 
periods of time and creep or flow over long-time intervals. 

(b) $250 for the construction of a power factor test cell for Committee D-9 on 
Electrical Insulating Materials. 

(c) $250 for an investigation by Committee C-10 on Hollow Masonry Building 
Units of methods of capping structural clay tile. This investigation will 
be conducted at Rensselaer Polytechnic Institute. 

(d) $150 to Committee D-2 on Petroleum Products and Lubricants for use in 
revising the Viscosity Temperature Chart which constitutes one of the 
Society’s standards. 

(e) $200 to Committee A-3 on Cast Iron for machining test bars for fatigue tests 
of east iron to be conducted at the University of Wisconsin. 

The balance of income of the Research Fund on May 31, 1937, with 

$400 of the above grants still to be paid, was $954.27. 

This year Committee E-9 will not directly address the various com- 
mittees to learn if they have need of funds for their work which might 
be made by grants from the income of the Society’s Research Fund. How- 
ever, some funds are available and the committee will be pleased to con- 
sider requests for grants. These should be accompanied by a general 
statement of the nature of the problem under study, its need, and the 
reason why funds should be made available by the Research Committee. 


Respectfully submitted on behalf of the committee, 


P. H. BATEs, 
Chairman. 


C. L. WARWICK, 
Secretary. 


June, 1987. 
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STANDARDS 


The past year has been one of the largest in the Society’s history when 
considered from the viewpoint of standardization activities. The appear- 
ance of the triennial Book of Standards, of course, represents a landmark 
in standardization activities and, looking toward its publication, the 
committees at the last annual meeting made a large number of recom- 
mendations with respect to the adoption of standards and the adoption 
of revisions of existing standards in order that the specifications and test 
methods as published in the Book of Standards would reflect the latest 
current practice. There has been continued activity during the year. 
The amount of attention given to the undertaking of new projects has 
been most impressive, indicating that there is still much to be done in the 
way of standardization. Probably never before in the Society’s history 
have so many new committees been organized, for during the past year, 
as indicated later in the report, organization has been effected of four new 
committees with a fifth definitely authorized and in process of organization. 

The activities of Committee E-10 on Standards during the past year 
are set forth under the following heads: Review of A.S.T.M. standardiza- 
tion activities, consideration of new and revised standards and tentative 
standards, promotion and expansion of standardization activities, and 
relations with American Standards Association. 

As in the previous year, a very considerable number of new tentative 
standards and revisions of existing standards and tentative standards have 
been submitted to Committee E-10 during the year for approval. For the 
most part these were considered at the regular meeting of the committee 
held in Philadelphia, Pa., on August 26, 1936. 

The Executive Committee of the Society reappointed Mr. Cloyd M. 
Chapman, Consulting Engineer, and Mr. H. L. Curtis of the National 
Bureau of Standards to serve as members of Committee E-10 for a three- 
year term, expiring in 1939. 


Review oF A.S.T.M. STANDARDIZATION ACTIVITIES 


A general summary of the new tentative standards submitted at the 
1936 annual meeting, of tentative standards adopted as standard and of 
revisions in standards was included in the July issue of the ASTM 
Bulletin, together with a review of the standardization work of the various 
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committees with statements concerning new standards in prospect. Much 
of the information, particularly in respect to standardization projects under 
development in committees, is furnished by the standing committees 
subsequent to the annual meeting and takes advantage of the fact that 
many committees plan their next year’s work at committee meetings h 
during the annual meeting. 

It is possible to make only an approximate estimate in terms of new 
and revised standards of the volume of standardization work accomplished 
during the year and reported to the Society at this meeting. The reports 
of standing committees to be presented at the annual meeting include 
recommendations to the Society substantially as follows: 


Revisions of existing tentative 48 
Tentative revisions of existing standards.................0c0eeeeeueee 29 
Tentative standards recommended for adoption as standard............ 19 


Revisions of existing standards recommended for adoption as standard.. 20 
Standards and tentative standards withdrawn 


: _ There are at present 513 standards and 285 tentative standards of 
the Society, making a total of 798, and if the above recommendations are 
approved this total will become 815. 


CONSIDERATION OF NEW AND REVISED STANDARDS 


Proposed new standards approved by Committee E-10 and published 


as tentative during the year are as follows: 
Tentative Specifications for: 


: Seamless Steel Boiler Tubes for High-Pressure Service (A 192 - 36 T), submitted 

by Committee A-1 on Steel, 

Alloy-Steel Bolting Materials for High Pressure and Temperatures to 1100 F. 
(A 193 - 36 T), submitted by Committee A-1, 

p Nuts Used in Bolting for High-Pressure Service at Temperatures up to 1100 F. 
(A 194 - 36 T), submitted by Committee A-1, 

High-Strength Structural Rivet Steel (A 195 - 36 T), submitted by Committee A-1, 

Cupola Malleable Iron (A 197 - 36 T), submitted by Committee A-7 on Malleable 
Iron Castings, 

20 per cent Chromium, 9 per cent Nickel Alloy Steel Castings (A 198 - 36 7), 
submitted by Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel 
and Related Alloys, 

Aluminum-Base Alloy Permanent Mold Castings (B 108 - 36 T), submitted by 
Committee B-7 on Light Metals and Alloys, Cast and Wrought, 

Alluminum-Magnesium-Chromium Alloy Sheet and Plate (B 109-36 T), sub- 
mitted by Committee B-7, 

Glazed Building Units (C 126 - 36 T), submitted by Committee C-3 on Brick, 
and 


Gasoline (D 439 - 37 T), submitted by Committee D-2 on Petroleum Products 


and Lubricants 
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Tentative Methods of: 

Test for Specific Gravity and Absorption of Coarse Aggregate (C 127 - 36 T), 
submitted by Committees C-9 on Concrete and Concrete Aggregates and 
D-4 on Road and Paving Materials, to replace Methods D 30-18 and 
C 86-31 T, 

Test for Specific Gravity and Absorption of Fine Aggregate (C 128-36 T), 
submitted by Committees C-9 and D-4, to replace Methods C 68 —- 30 and 
D 55-25, 

Test for Softening Point by Ring-and-Ball Apparatus (E 28 - 36 T), submitted 
by Committee E-1 on Methods of Testing, and 

Chemical Analysis of Steel, Cast Iron, Open-Hearth Iron and Wrought Iron 
(E 30 - 36 T), submitted by Committee E-3 on Chemical Analysis of Metals, 
to replace Methods A 33 — 24, A 55 — 24, A 64-27 and A 130-30. 


Tentative Definitions of: 
Terms Relating to Cast Iron (A 196-36 T), submitted by Committee A-3 on 


Cast Iron. 


Revisions of the following tentative standards were approved by 


Tentative Specifications for: 

Wrought-Iron Plates (A 42-36 T), submitted by Committee A-2 on Wrought 
Iron, 

Copper-Silicon Alloy Plates and Sheets (B 96 - 36 T), submitted by Committee 
B-5 on Copper and Copper Alloys, Cast and Wrought, 

Sheet Copper-Silicon Alloy (B 97 — 36 T), submitted by Committee B-5, 

Copper-Silicon Alloy Rods, Bars and Shapes (B 98 —- 36 T), submitted by Com- 
mittee B-5, 

Copper-Silicon Alloy Wire for General Purposes (B 99-36 T), submitted by 
Committee B-5, 

Aluminum Sheet and Plate (B 25 — 36 T), submitted by Committee B-7 on Light 
Metals and Alloys, Cast and Wrought, 

Aluminum-Base Alloy Sand Castings (B 26 —- 36 T), submitted by Committee B-7, 

Aluminum-Alloy (Duralumin) Sheet and Plate (Aluminum-Copper-Magnesium- 
Manganese) (B 78 - 36 T), submitted by Committee B-7, 

Aluminum-Manganese Alloy Sheet and Plate (B 79 — 36 T), submitted by Com- 
mittee B-7, 

Aluminum-Alloy (Duralumin) Bars, Rods and Shapes (Aluminum-Copper-Mag- 
nesium-Manganese) (B 89 - 36 T), submitted by Committee B-7, 

Building Brick (Made from Clay or Shale) (C 62-36 T), submitted by Com- 
mittee C-3 on Brick, 

Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound 
(D 27 - 36 T), submitted by Committee D-11 on Rubber Products, and 
Insulated Wire and Cable: Performance Rubber Compound (D 353-36 T), 

submitted by Committee D-11. — 


Tentative Methods of: ; 
Testing Brick (Modulus of Rupture, Compressive Strength, Absorption) (C 67 - 
36 T), submitted by Committee C-3 on Brick, 
Testing Varnishes Used for Electrical Insulation (D 115-36 T), submitted by 
Committee D-9 on Electrical Insulating Materials, and 
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Testing Sheet, Tape, and Molded Insulating Materials for Dielectric Strengt 
(D 149 — 36 T), submitted by Committee D-9. 


Tentative Definitions of: 


Terms Relating to Petroleum (D 288 - 36 T), submitted by Committee D-2 op 
Petroleum Products and Lubricants. 


558 Report oF ComMITTEE E-10 


Committee E-10 also accepted for publication as tentative a revisio 
of the Standard Methods of Testing Molded Materials Used for Electrical 
Insulation (D 48 — 33), submitted by Committee D-9 on Electrical Insulat- 
ing Materials. 

The following standards were reverted to a tentative status on the 
recommendation of Committee E-3 on Chemical Analysis of Metals: 


Standard Methods of: 
Sampling Ferro-Alloys (A 103 27), 
Chemical Analysis of Ferro-Alloys (A 104-27), 


Chemical Analysis of Ferrotungsten and Ferromolybdenum (A 104 — 34), 
Chemical Analysis of Alloys of Lead, Tin, Antimony and Copper (B 18 - 21), 
Chemical Analysis of Manganese Bronze (B 27 - 19), 

Chemical Analysis of Gun Metal (B 28 - 19), 


Battery Assay of Copper (B 34 — 20), 
Chemical Analysis of Pig Lead (B 35 - 24), 
Chemical Analysis of Slab Zinc (Spelter) (B 38 — 21), : 


Chemical Analysis of Aluminum and Light Aluminum Alloys (B 40 — 35), 
Chemical Analysis of Nickel (B 41 - 23), 

Chemical Analysis of Brass Ingots and Sand Castings (B 45 — 27), 
Chemical Analysis of Bronze Bearing Metal (B 46 - 27), and 

Chemical Analysis of Silver Solders (B 81 - 33). 


PROMOTION AND EXPANSION OF STANDARDIZATION ACTIVITIES 


Authorization was granted by the Executive Committee for the 
organization of five new standing committees of the Society, as follows: 
Committees D-6 on Paper and Paper Products, D-18 on Soils for Engi- 
neering Purposes, C-14 on Glass and Glass Products, D-20 on Plastics, 
and a Committee on Thermal Insulating Materials. Committee D-18 
held its organization meeting in November, 1936, and is now actively 
engaged in studying various methods of testing soils. The organization 
of the Committees on Paper, Glass, and Plastics will be effected at the 
present annual meeting. Progress is being made toward the formation of 
the Committee on Thermal Insulating Materials; formal organization may 
be effected during the coming year. 

Considerable interest has been shown in the subject of sulfur-base 
jointing compounds. The possibility of having a study on these materials 
undertaken by one of the existing committees of the Society or whether 
the formation of a new standing committee would be warranted will receive 
the attention of Committee E-10 during the coming year. 
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RELATIONS WITH AMERICAN STANDARDS ASSOCIATION 


Standards Submitted Under Proprietary Sponsorship Procedure.—The 
proprietary sponsorship procedure for submitting standards to the American 
Standards Association is particularly appropriate for a large number of 
\S.T.M. standards. Under this procedure the following standards have 

ision been approved during the year by the A.S.A. as American standards: 
rice 
Standard Specifications for: 
Carbon-Steel Castings for Valves, Flanges and Fittings for High-Temperature 
Service (A 95 — 36) (A.S.A. No. G17.1-1936), 
Forged or Rolled Steel Pipe Flanges for High-Temperature Service (A 105 — 36) 
(A.S.A. No. G17.3-1936), 
Steel for Bridges (A 7 — 36) (A.S.A. No. G18-1936), 
Steel for Buildings (A 9 - 36) (A.S.A. No. G19-1936), 
Mild Steel Plates (A 10 - 34) (A.S.A. No. G20-1936), 
Structural Rivet Steel (A 141 - 36) (A.S.A. No. G21-—1936), 
Refined Iron Bars (A 41 — 36) (A.S.A. No. Gi2-1936) 
Uncoated Wrought-Iron Sheets (A 162 — 36) (A.S.A. No. G23-1937), 
Bronze Trolley Wire (B 9 — 36) (A.S.A. No. H22.1-1937), 
Copper Trolley Wire (B 47 — 36) (A.S.A. No. H22.2-1937), 
Zinc Oxide (D 79 - 24) (A.S.A. No. K22-1937), 
Basic Carbonate White Lead (D 81 — 34) (A.S.A. No. K23-1937), 
Red Lead (D 83 —- 31) (A.S.A. No. K24—1937), 
Mineral Iron Oxide (D 84 27) (A.S.A. No. K25-1937), 
Lampblack (D 209 - 30) (A.S.A. No. K26-1937), 14 
Chrome Yellow (D 211 - 27) (A.S.A. No. K27-1937), 
Reduced Chrome Green (D 213 - 27) (A.S.A. No. K28-1937), 
Prussian Blue (D 261 — 28) (A.S.A. No. K29-1937), 
Ultramarine Blue (D 262 — 28) (A.S.A. No. K30-1937), 
Commercial Para Red (D 264 - 28) (A.S.A. No. K31-1937), and 
Standard Rules Governing the Preparation of Micrographs of Metals and Alloys, 
Including Recommended Practice for Photography as Applied to Metallog- 
raphy (E 2.- 36) (A.S.A. Z30.1—-1936). 


the 


There has also been submitted to the A.S.A. for approval as American 
standards under the proprietary sponsorship procedure, the Standard 
Specifications for Spirits of Turpentine (D 13-34) and the Standard 
Methods of Sampling and Testing Turpentine (D 233-36). ‘These are 
how receiving consideration in the A.§.A. 


Standards Submitted Under Sectional Committee Procedure.-Reports 
have been received from several of the sectional committees for which the 
Society is sponsor, submitting standards to the A.S.A. for approval. ‘These 
reports have been transmitted to that association and the following stand- 
ards have been approved during the year: 
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On the Recommendation of Sectional Committee B36 on Standardization oj 
Dimensions and Materials of Wrought-Iron and Wrought-Steel Pipe and 


Tubing: 
Approved as American Standards: 


Standard Specifications for W: elded wil Seamless Steel Pipe (A 53 — 36) (AS S.A 
No. B36.1-1936), 

Standard Specifications for Lap-Welded and Seamless Steel Pipe for His 
Temperature Service (A 106 — 36) (A.S.A. No. B36.3-1936), 

Standard Specifications for Electric-Fusion-Welded Steel Pipe (Sizes 30 in. ; 
over) (A 134 - 36) (A.S.A. No. B36.4-1936), and 

Standard Specifications for Electric-Fusion-Welded Steel Pipe (Sizes 8 in. to 
not including 30 in.) (A 139 — 36) (A.S.A. No. B36.9-1936). 
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On the Recommendation of Sectional Committee C59 on Electrical Insulating 
Materials: 


Approved as American Standard: 


Standard Methods of Testing Electrical Insulating Oils (D 117 - 36) (AS.A. 
No. C59.2-1937). 


On the Recommendation of Sectional Committee G8 on Specifications for Zinc 
Coating of Iron and Steel: 


Approved as American Standards: 


Standard Specifications for Black and Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for Ordinary Uses (A 120 —- 36) (A.S.A. No. 
G8.7-1937), and 

Standard Specifications for Zinc-Coated (Galvanized) Wrought-Iron Sheets 
(A 163 — 36) (A.S.A. No. G8.8-1937). 


: On the Recommendation of Sectional Committee M20 on Classification of 
Coals: 


Approved as American Tentative Standards: 
Tentative Specifications for Classification of Coals by Rank (D 388-36 7) 


(A.S.A. No. M20.1-1936), and 
_ Tentative Specifications for Classification of Coals by Grade (D 389-34 7) 
(A.S.A. No. M20.2-1936). 


, On the Recommendation of Sectional Committee Zil on Petroleum Products 
| and Lubricants: 


A pproved as American Standards: 


Standard Abridged Volume —, Table for Petroleum Oils (D 206 - 36) 
(A.S.A. No. Z11.1-1936), 

Standard Methods of Test for Viscosity by Means of the Saybolt Viscosimeter 
(D 88 — 36) (A.S.A. No. Z11.2-1936), 

Standard Method of Test for Flash Point by Means of the Pensky-Martens 
Closed Tester (D 93 - 36) (A.S.A. No. Z11.7-1936), 

- Standard Method of Test for Steam Emulsion of Lubricating Om (D 157 - 36) 

(A.S.A. No. Z11.15-1936), 
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; Standard Method of Test for Burning Quality of Kerosene Oils (D 187 - 36) 
(A.S.A. No. Z11.17-1936), 
and Standard Method of Test for Burning Quality of Long-Time Burning Oil for 
Railway Use (D 219 - 36) (A.S.A. No. Z11.19-1936), 
Standard Method of Test for Saponification Number (D 94-36) (A.S.A. No. 
Z11.20-1936), 
SA Standard Method of Test for Flash Point by Means of the Tag Closed Tester 
(D 56-36) (A.S.A. No. Z11.24-1936), ( 


Tigh- Standard Method for Carbon Residue of Petroleum Products (Conradson Carbon . 
Residue) (D 189 — 36) (A.S.A. No. Z11.25-1936), 
m Standard Method of Test for Gravity of Petroleum and Petroleum Products by 
— Means of the Hydrometer (D 287 — 36) (A.S.A. No. Z11.31-1936), 
J 


Standard Method of Test for Distillation of Crude Petroleum (D 285 —- 36) 
(A.S.A. No. Z11.32-1936), and 

, Standard Method of Test for Gum Content of Gasoline (D 381-36) (A.S.A. 

No. Z11.36-1936). 


Approved as American Tentative Standards: 
Tentative Definitions of Terms Relating to Petroleum (D 288-36 T) (A.S.A. . 
S.A. No. Z11.28-1936), and i 
Tentative Method of Test for Knock Characteristics of Motor Fuels (D 357 - 
36 T) (A.S.A. No. Z11.37-1936). 


AUT 
Sectional Committee Organized.—A Sectional Committee on Building : 
Code Requirements for Iron and Steel (A.S.A. Project: A 57) has been ' 
veal organized under the procedure of the American Standards Association. ; 
No. The Society is interested in this subject and has accordingly appointed as 


its representative on the committee, Mr. H. H. Morgan of Robert W. 
eets Hunt Co. 


of Respectfully submitted on behalf of the committee, — 


CLoyp M. CHAPMAN, 


T) C. L. WARWICK, © 
Ex-officio Secretary. 
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The term Tentative Standard is ; applied ‘to a proposed 
Standard which is printed for one or more years with a view 
of eliciting criticism, of which the committee concerned will 
take due cognizance before recommending final action toward 
its adoption as standard. 


Members of the Society and others are invited to direct 
written criticisms of any of these Tentative Standards to the 
nanan of the Society, 260 S. Broad St., Philadelphia, Pa. 
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TENTATIVE SPECIFICATIONS 
FOR 


CARBON-SILICON-STEEL PLATES OF ORDINARY TENSILE © 
RANGES FOR FUSION-WELDED BOILERS AND OTHER 
PRESSURE VESSELS! 


A.S.T.M. Designation: A 201 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
snnual revision. Suggestions for revision should be addressed to the Headquarters of the 
society, 260 S. Broad St., Philadelphia, Pa. 


T hese specifications cover carbon-silicon-steel plates, in two ordinary 
- strength ranges designated Grades A and B, intended particularly 
|} ‘orfusion welding; for use in locomotive boiler shells, boilers for stationary 
service and other pressure vessels. The maximum thickness of flange 

quality plates to be specified under these specifications shall be 2 in.; and ; 
ior ordinary firebox quality plates, 6 in. A definite silicon content is 
specified in order to limit the carbon to the lowest practicable amount 
consistent with the specified tensile strength and the thickness of the ma- 
terial. Welding technique is of fundamental importance and it is presup- 
posed that welding procedure will be in accordance with approved methods. 


Process 


2. The steel shall be made by either or both of the following processes: 
pen-hearth or electric-furnace. 


Heat Treatment 


3. (a) Plates over 2 in. in thickness, before being fabricated, shall be F 
uniformly heat treated to produce grain refinement. Heat treatment in- 
volving quenching in a liquid medium is not permitted. If this treatment 
snot done at the rolling mill the testing shall be carried out in accordance 
with Paragraph (6). 
(b) When a fabricator, who is equipped to properly perform the work, 7 
ects to do the required heat treatment for grain refinement he shall so : 
indicate in his orders to the mill and he shall accept the plates on the basis 
i the mill tests. The plate manufacturer shall make the tests herein 
pecified, the tension and bend test specimens to be prepared from full ; 
thickness pieces heat treated under conditions he considers appropriate : 
ior grain refinement and to give the test requirements. The manufacturer 


‘hall inform the fabricator of the procedure followed in treating the pieces 


te A, the standardization procedure of the Society, these specifications are under the jurisdiction of 
M. Committee A-1 on eel 


we 


. 
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‘at the mill for guidance in treating the plates. ‘The required physical 
properties shall be determined after heat treatment of the plates on speci. 
mens prepared from pieces similarly and simultaneously treated with the 
plates. Pieces for two tension tests, one top and one bottom, shall be 
provided from each plate as rolled. 

Chemical Composition 


4. The steel shall conform to the following requirements as to chemical 
composition : 
for plates 1 in. and under in thickness 
_ Carbon, max., ) for plates over | to 2 in., incl., in thickness. 
per cent... | for plates over 2 to 4 in., incl., in thickness. 


for plates over 4 to 6 in., incl., in thickness. 
: Manganese, max., per cent 


Phosphorus, max., per cent. . { 


Sulfur, max., per cent. . 
Silicon, per cent 


Ladle Analysis 


5. An analysis of each melt of steel shall be made by the manufacturer 

to determine the percentages of the elements specified in Section 4. This 
analysis shall be made from a test ingot taken during the pouring of the 
melt. The chemical composition thus determined shall be reported to the 


purchaser or his representative and shall conform to the requirements 
specified in Section 4. 


Check Analysis 


6. An analysis may be made by the purchaser from a broken tension 
test specimen representing each plate as rolled (Note). The chemical 


_ composition thus determined shall conform to the requirements specified 
in Section 4. 


. NotE.—The term “plate as rolled,” used here and in Sections 11 (¢) and 12 (a), refers 
to the unit plate rolled from a slab or directly from an ingot in its relation to the location 
and number of specimens; not to its condition. 


Tension Tests 


7. (a) The material shall conform to the following requirements 4s 
_to tensile properties: 
Grave A Grave B 
Tensile strength, lb. per sq. in 55 000 to 65 000 60 000 to 70 000 
Yield point, min., lb. per sq. in 0.5 tens. str. 0.5 tens. str. 
1 500 0004 1 500 0002 
ion in 8 i i ; ens. str. 
Firebox... 
tens. str. tens. str. 
1 750 0004 1.750 0004 


Elongation in 2 in., min., per cent . { Firebox... tens. str. 


® See Section 8 (a) and (c). 

> See Paragraph (c). 

© When specimen shown in Fig. 2 is used; see Section 11 (f). 
4 See Section 8 (0). 
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(b) Tensile strength only need be determined on the tension test 
specimen taken from the top of firebox plates, and it shall not exceed 
67,000 lb. per sq. in. for Grade A, nor 72,000 lb. per sq. in. for Grade B. 

(c) Should the rule in Paragraph (a) for minimum elongation in 8 in. 
for firebox steel give a value of less than 25 per cent for Grade A material 
r 23 per cent for Grade B material, the minimum allowable elongation 
shall be 25 and 23 per cent for Grades A and B, respectively, subject to the 
modifications of Section 8 (a). 

(d) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine. 


Modifications in Elongation 


8. (a) For material over ? in. in thickness, a deduction from the per- _ 
centage of elongation in 8 in. specified in Section 7 (a) and (c) of 0.125 per -_ 
cent shall be made for each increase of 33 in. of the specified thickness a 
above 3 in., to a minimum of 21 per cent for flange steel and 22 per cent for 
firebox steel of Grade A; and 20 per cent for flange steel and 21 per cent 
for firebox steel of Grade B. 
(b) For material over 2} in. in thickness, a deduction from the per- 
centage of elongation in 2 in. specified in Section 7 (a) of 0.5 per cent shall 
be made for each increase of } in. of the specified thickness above 2} in. 
(c) For material } in. and under in thickness, the elongation shall be 
measured on a gage length of 24 times the thickness of the specimen. 4 


Bend Tests 


9. The test specimen shall stand being bent cold through 180 deg. 
without cracking on the outside of the bent portion around a pin, the diame- 
ter of which shall have the following relation to the thickness of the speci- 
men. When the test is made on a specimen reduced in thickness, the rolled 
surface shall be on the outer curve of the bend: 


DIAMETER OF Pin ABoyTtT WHICH SPECIMEN 


Is BENT 
(t = thickness of specimen) 
THICKNESS OF MATERIAL GravE A GraDE B 


Homogeneity Test 


10. (a) The object of the homogeneity test, which is required for fire- : 
box steel only, is to open and render visible to the eye any seams due to 
failure to weld up or to interposed foreign matter, or any cavities due to 
gas bubbles in the ingot. ‘The fractured surface of the test specimen shall 
not show any single seam or cavity more than } in. in length for plates 
iin. and under in thickness; nor more than 3 in. in length for plates over 
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i to 4 in., inclusive, in thickness; nor more than 3 in. in length for plates 
| over 4 to 6 in., inclusive, in thickness, in any of the fractures obtained ip 
accordance with Paragraph (b). Each fracture shall be examined and the 
lengths of the seams and cavities determined, a pocket lens being used jf 

necessary. 
(b) The test may be made on a broken tension test specimen when an 
] _ 8-in. gage length specimen is used. For plates over 2 in. in thickness, the 
specimen for homogeneity test shall be taken adjacent, sidewise, or length. 
wise, to the top tension test specimen. For plates ? in. and under in 


8t001" 


Gage Length 


t = Thickness of Plate 
; : Fic. 1.—Standard 8-in. Gage Length Test Specimen. 


Note :- The Gage Length, thang*..| Parallel Section \ 
Parallel Section, and | 
Fillets shall be as 

Shown, but the Ends 


may be ofany Shape 
to fit the Holders of 0,0057--> 
the Testing Machine Length 


in such aWay that the for Elongation 
Load shall be axial. after Fracture 
Fic. 2.—Standard 2-in. Gage Length Tension Test Specimen. 


thickness the specimen shall be nicked or grooved transversely, in three 
places, about 7; in. deep. The first groove shall be 2 in. from the square 
end, and each succeeding peeve on the opposite side about 2 in. from the 
preceding one. For plates over 3 to 2} in., inclusive, in thickness the speci- 
men may be grooved }{ in. deep, at one place on one side. ‘The specimens 
_ shall be broken at each groove with a hammer or press, the bending being 
away from the groove. For plates over 2} in. in thickness the specimen 
may be grooved at one place on both sides to leave a fracture which will 


include the horizontal axis of the plate and have a face at least 2 in. in 
depth. 
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Test Specimens 


11. (a) For plates 2 in. and under in thickness the test specimens shall 
be prepared for testing from the material in its rolled condition. 

(b) For plates over 2 in. in thickness the test specimens shall be pre- 
pared from the material in its heat-treated condition, or from full thickness 
samples similarly and simultaneously treated. (See Section 3 (a) and (8).) 

(c) Tension test specimens for firebox steel shall be taken from the 
top and bottom corners of the plate as rolled, parallel to its longitudinal 
axis, and for flange steel from the bottom corner of the plate only. Bend 
test specimens shall be taken from the middle of the top of the plate as 
olled, at right angles to its longitudinal axis. (See Note under Section 6.) 

(d) For plates 2 in. and under in thickness, tension and bend test 
specimens shall be the full thickness of the material and shall be machined 
to the form and dimensions shown in Fig. 1; or the bend test specimens 
may be machined with both edges parallel. 

(e) For plates up to 4 in., inclusive, in thickness, tension test speci- 
mens may be the full thickness of the material and of the form shown in 
Fig. 1; when adequate testing machine capacity is available. 

(f) For plates over 2 in. in thickness, except as permitted in Para- 
graph (e), tension test specimens shall be machined to the form and dimen- 
sions shown in Fig. 2; and the axis of each such specimen shall be located 
midway between the center and the top or bottom surface of the plate. 
The bend test specimens shall be at least 1} in. in width, with both edges 
parallel, and may be reduced to 2 in. in thickness; but shall have one 
surface as rolled. 

(g) The sides of the bend test specimen may have the corners rounded 
to a radius of about ;; in. for plates 2 in. and under in thickness, and to 
about 4 in. for plates over 2 in. in thickness. 


Number of Tests 

12. (a) Two tension and one bend test shall be made from each fire- 
box steel plate as rolled. One tension and one bend test shall be made 
from each flange steel plate as rolled. (See Note under Section 6.) 

(b) If any test specimen shows defective machining or develops flaws, 
it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is 
less than that specified in Section 7 (a) and any part of the fracture is more 
than } in. from the center of the gage length of a 2-in. specimen or is out- 
side the middle third of the gage length of an 8-in. specimen as indicated 


by scribe scratches marked on the specimen before testing, a retest shall be 
allowed. 


Permissible Variations in Thickness and Weight 


13. (a) The thickness of each plate shall not vary more than 0.01 in. 
under the thickness ordered. 
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(b) The overweight of each lot! of plates 2 in. and under in thickness _ 
in each shipment shall not exceed the amount given in Table L One 
cubic inch of rolled steel is assumed to weigh 0.2833 lb. the m 
lowes 
be le 
TABLE I.—PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS, St 
Permissible Excess in Average Weights per Square Foot of Plates for in. fr 
Widths Given, Expressed in Percentages of Nominal Weights. - 
Ordered Ordered legibl 
Thickness, in. Thickness, in, 
Under | 48to | 60to | 72to | 84to | 96to | 108to | 120to | 132in. 
48in. | 60in., | 72in., | 84in., | 96in., | 108 in., | 120in., | 132 in., or 
excl, excl. excl. excl. excl. excl. excl. over grap! 
Under $ 10 12 14 Under } 
to excl. 8 9 10 12 exe 
to}, excl. 7 8 9 10 12 |Petod, excl tal 
to exel. 6 7 8 9 10 12 14 16 19 |4 to sy, excl. 
to al 
to}, excl. 5 6 7 9 10 12 14 17 | to}, excl. 
to exel. 45] 5 6 7 9 10 12 15 | 2 to zy, excl. 
to}, excl. 4 45 | 6 7 9 10 13 | yeto}, exe. 
4 excl. 3.5 4 4.5 5 6 7 9 11 to%, excl, 
excl. 3 3.5 4 4.5 5 6 7 8 9 |% excl 
i tol, excl. 2.5 3 3.5 4 4.5 5 6 7 8 |% t 1, excl to 
1 to2, incl. 2.5 2.5 3 3.5 4 4.5 5 6 7 |1 to2, ined 
Reje 
TABLE II.—PERMISSIBLE VARIATIONS OVER ORDERED THICKNESS OF PLATES — a 12 
2 IN. IN THICKNESS. 
Nore.—Each plate shall not vary more than 0.01 in. under the ordered thickness. Or 
Permissible Excess in Thickness, in. at | 
be 
Ordered Thickness, in. Width, in. 
Reh 
Up to 36, | 36t060, | 60to84, | 840120, | 120 to 132, | 132 to 14, 
excl. excl. excl. excl. excl. excl. : 
Over 2 to 3, 0.062 (34g) | 0.094 | 0.109 (gq) | 0.125 (4) | 0.125 () | 0.141 (8) jee 
0.078 (gq) | 0.094 (3x) | 0.109 (gq) | 0.125 | 0.125 | 0.141 
0.094 | 0.125 (2) | 0.141 | 0.141 | 0.156 (gx) | 0.172 (3D) ac 
0.109 | 0.125 (4) | 0.156 | 0.156 | 0.172 (24) | 


(c) Each plate over 2 in. in thickness shall conform to the permissible 
variations over ordered thickness given in Table II. 


Finish 
14. The finished material shall be free from injurious defects and shall 
have a workmanlike finish. 


1 The term “lot” as applied to plates 2 in. and under in thickness means all the plates of each group width 
and group thickness, 


| 
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Marking 

15. (a) Except as specified in Paragraph (6), the name or brand of 
the manufacturer, the manufacturer’s test identification number, class, and 
lowest tensile strength specified in Section 7 (a) for the grade ordered shall 
be legibly stamped on each finished plate in two places not less than 12 in. 
from the edges and on each butt strap near the center line not less than 12 
in. from each end. The manufacturer’s test identification number shall be 


of legibly stamped on each test specimen. 
™ (b) For plates under } in. in thickness, the marking specified in Para- 
graph (a) shall be legibly stenciled instead of stamped. 
Inspection 
16. The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
excl. 
in to all parts of the manufacturer’s works which concern the manufacture of 
i the material ordered. The manufacturer shall afford the inspector, without 
on charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check 
me analyses) and inspection shall be made at the place of manufacture prior 


to shipment, unless otherwise specified, and shall be so conducted as not 


to interfere unnecessarily with the operation of the works. 
Rejection 


17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6, shall be reported within five working days 
rom the receipt of samples. 

(b) Material which shows injurious defects subsequent to its acceptance 


at the manufacturer’s works will be rejected, and the manufacturer shall 
be notified. 


Rehearing 
18. Samples tested in accordance with Section 6, which represent re- 


xel, 


2 


%) jected material, shall be preserved for two weeks from the date of the test q 
*) report. In case of dissatisfaction with the results of the tests, the manu- 
41) facturer may make claim for a rehearing within that time. ‘ 
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A.S.M.E. BOILER CONSTRUCTION CODE 
SPECIFICATION No.: S-28 


TENTATIVE SPECIFICATIONS 


Checl 
FOR 
CHROME-MANGANESE-SILICON (CMS) ALLOY-STEEL PLATES est 
FOR BOILERS AND OTHER PRESSURE VESSELS! omy 
A.S.T.M. Designation: A 202-37 T | 
This is a Tentative Standard and under the Regulations of the Society is subject to to the 
annual revision. Suggestions for revision should be addressed to the Headquarters of the and f 
Society, 260 S. Broad St., Philadelphia, Pa. | ~— 
Scope 
1. These specifications cover chrome-manganese-silicon alloy-steel 
plates (CMS) in two high tensile strength ranges, designated Grades A and Tens 
B; up to 2 in., inclusive, in thickness; of ordinary firebox quality; for use ss 
in boilers and other pressure vessels. Grade A is a ductile material of se 
maximum workability and Grade B a high tensile material with sufficient aor 
ductility to be workable without heating. Grade A is suitable for rivets 
and when so used the bars shall be subject to the requirements for rolled 
bars specified in the Standard Specifications for Boiler Rivet Steel and q 
| 


Rivets (A.S.T.M. Designation: A 31) of the American Society for Testing 
Materials,” except the chemical and physical properties. 


hal 
Process 
2. The steel shall be made by either or both of the following processes: Mo 
-open-hearth or electric-furnace. 
. ED 
Chemical Composition 
3. The steel shall conform to the following requirements as to chemical ai 
composition: 
GrRavDE A Grave B me 
0.30 to 0.60 0.30 to 0.60 Be 
1.05 to 1.40 1.05 to 140 
Phosphorus, max., per cent.................. 0.035 0.035 Wi 
Ladle Analysis th 


4. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 3. This 
’ analysis shall be made from a test ingot taken during the pouring of the 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 


_ A.S.T.M. Committee A-1 on Steel. 


2 1936 Book of A.S.T.M. Standards, Part I, p. 47. 
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melt. The chemical composition thus determined shall be reported to the 
purchaser or his representative, and shall conform to the requirements 
specified in Section 3. 


Check Analysis 

5. An analysis may be made by the purchaser from a broken tension 
test specimen representing each plate as rolled (Note). The chemical 
omposition thus determined shall conform to the requirements specified 
in Section 3. 


Note.—The term “plate as rolled,” used here and in Sections 10 (a) and 11 (a), refers 
the unit plate rolled from a slab or directly from an ingot in its relation to the location 
\d number of specimens; not to its condition. 


Tension Tests 
6. (a) The material shall conform to the following requirements as to 
tensile properties: 


Tensile strength, lb. per sq. in. 75 000 to 90000 =85 000 to 100 000 
Yield point, min., lb. per sq. in.............-2.0-5 0.60 tens. str. 0.55 tens. str. 
Elongation in 8 in., min., per cent................ 1 600 0002 1 600 000° 
_ tens. str. tens. str. 


*See Section 7 (a) and (0). 


(b) Tensile strength only need be determined on the tension test 
specimen taken from the top of firebox plates, and it shall not exceed 92,000 
ib. per sq. in. for Grade A, nor 102,000 lb. per sq. in. for Grade B. 

(c) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine. 


Modifications in Elongation 

7. (a) For plates over ? in. in thickness, a deduction from the per- 
entages of elongation specified in Section 6 (a) of 0.125 per cent shall be 
made for each increase of ; in. of the specified thickness above 3 in., to a 
minimum of 19 per cent for Grade A and 16 per cent for Grade B. 

(b) For material } in. and under in thickness, the elongation shall be 
measured on a gage length of 24 times the thickness of the specimen. 


Bend Tests 


_ 8. The test specimen shall stand being bent cold through 180 deg. 
without cracking on the outside of the bent portion around a pin, the 
ameter of which shall have the following relation to the thickness of 
especimen: 

DIAMETER OF Pin AsouT WHICH SPECIMEN 


(¢ = thickness of specimen) 


THICKNESS OF MATERIAL Grape A GRADE B 
Up to 1 in., incl : 
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Homogeneity Test 


9. (a) The object of the homogeneity test is to open and render visible 

‘ to the eye any seams due to failure to weld up or to interposed foreign 
matter, or any cavities due to gas bubbles in the ingot. ‘The fractured 
surface of the specimen shall not show any single seam or cavity more than 
{ in. in length for plates ¢ in. and under in thickness, nor more than 3 in. 

| in length for plates over } to 2 in., inclusive, in thickness, in any of the 


fractures obtained in accordance with Paragraph (0). Each fracture shall 
be examined and the lengths of the seams and cavities determined, a pocket 

_ lens being used if necessary. 
(b) The test may be made on a broken tension test specimen. For 
_ plates ¢ in. and under in thickness the specimen shall be nicked or grooved 
_ transversely in three places, about 7 in. deep. ‘The first groove shall be 


le Parallel Section not less than 9 About 
| 
| 


x | 
‘ 


About 2 4 


Gage Length ----->| 
for Measuring Elongation’ 
after Fracture 
t = Thickness of Plate 
Fic. 1.—Standard 8-in. Gage Length Test Specimen. 


2 in. from the square end, and each succeeding groove on the opposite side 
about 2 in. from the preceding one. The specimen shall be broken at each 
groove in succession with a hammer or press, the bending being away from 

the groove. For plates over ? to 2 in., inclusive, in thickness the specimen 
may be grooved about } in. deep at one place on one side. 


Test Specimens 


10. (a) Tension test specimens shall be taken from the top and bottom 
corners of the plate as rolled, parallel to its longitudinal axis. Bend test 
specimens shall be taken from the middle of the top of the plate as rolled, 
at right angles to its longitudinal axis. (See Note under Section 5.) 

(b) Tension and bend test specimens shall be of the full thickness of 
material as rolled, and shall be machined to the form and dimensions shown 
in Fig. 1.; or bend test specimens may be machined with both edges 
parallel. The sides of the bend test specimen may have the corners rounded 
toaradiusofabout 
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Number of Tests 

11. (a) Two tension and one bend test shall be made from each plate 
as rolled. (See Note under Section 5.) 

(b) If any test specimen shows defective machining or develops flaws, 
it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less 
than that specified in Section 6 (a) and any part of the fracture is outside 
the middle third of the gage length, as indicated by scribe scratches marked 


on the specimen before testing, a retest shall be allowed. | 


Permissible Variations in Thickness and Weight : 
12. (a) The thickness of each plate shall not vary more than 0.01 in. 


under the thickness ordered. 
TABLE I.—PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. _ 


Permissible Excess in Average Weights per Square Foot of Plates for 
Widths Given, Expr in Percentages of Nominal Weights. 


Ordered Ordered 
Thickness, in. Thickness, in. 
48 to 60 to 72 to 84 to 96 to 108 to | 120 to | 132 in. 
60in., | 72in., | 84in., | 96in., | 108 in., | 120 in., | 132 in., or 
excl. excl. excl. excl, excl, excl. excl. over 

to ys, excl. to excl. 

gto}, excl. excl. 
to zy, excl. to excl. 
fsto}, excl. to 3, excl. 
to xs, excl. to zy, excl. 
ito}, excl. ye to}, excl. 
excl. to §, exel. 
tod, excl. § tod, excl. 
i tol, excl. 2 tol, excl. 
1 to2, inel. 1 to2, incl. 


or fF OO 


(b) The overweight of each lot! in each shipment shall not exceed the 
amount given in Table I. One cubic inch of rolled steel is assumed to 
weigh 0.2833 Ib. 

Finish 

13. The finished material shall be free from injurious defects and shall 

have a workmanlike finish. 


Marking 
14. (a) Except as specified in Paragraph (b) the name or brand of the 


manufacturer, the manufacturer’s test identification number, class, lowest 
tensile strength specified in Section 6 (a) for the grade ordered, and the letters 


1 The term “lot” applied to Table I means all of the plates of each group width and group thickness. 
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“CMS” shall be legibly stamped on each finished plate in two places not 
less than 12 in. from the edges and on each butt strap near the center line 
not less than 12 in. from each end. The manufacturer’s test identification 
number shall be legibly stamped on each test specimen. 

(b) For plates under } in. in thickness, the marking specified in 

Paragraph (a) shall be legibly stenciled instead of stamped. 

_ Inspection 


15. The inspector representing the purchaser shall have free entry at 
all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. The manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 


Rejection 
16. (a) Unless otherwise specified, any rejection based on tests made 


in accordance with Section 5, shall be reported within five working days 
from the receipt of samples. 


(b) Material which shows injurious defects subsequent to its acceptance 


at the manufacturer’s works will be rejected, and the manufacturer shall 
notified. 


Rehearing 


17. Samples tested in accordance with Section 5, which represent 
en material, shall be preserved for two weeks from the date of the test 


report. In case of dissatisfaction with the results of the tests, the manu: 
facturer may make claim for a rehearing within that time. 
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ed in _ TENTATIVE SPECIFICATIONS 
FOR 
LOW-CARBON-NICKEL STEEL PLATES FOR BOILERS AND 


ry at OTHER PRESSURE VESSELS! 
ure of 4 A.S.T.M. Designation: A 203 —- 37 T 

thout This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 


1. These specifications cover low-carbon-nickel steel plates in three 
tensile strength ranges, designated Grades A, B and C; up to 2 in., inclusive, 
in thickness; of flange and ordinary firebox qualities; for use in locomo- 
tive boiler shells, boilers for stationary service and other pressure vessels. 


Process 


2. The steel shall be made by either or both of the following processes: 
open-hearth or electric-furnace. 


Chemical Composition 


3. The steel shall conform to the following requirements as to chemical 
composition : 
GRADE A GraDE Grape C 


0.17 0.20 0.25 
Manganese, max., per cent 0.80 0.80 0.80 


Phosphorus, max., per cent { on 

Sulfur, max., per cent { Firebox 0.04 0.04 0.04 


Silicon, per cent 0.15 to0.30 0.15 to 0.30 0.15 to0.30 
Nickel, per cent 2.00 to2.75 2.00 to2.75 2.00 to2.75 


Ladle Analysis 


4. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 3. This 
analysis shall be made from a test ingot taken during the pouring of the 
melt. The chemical composition thus determined shall be reported to 
the purchaser or his representative, and shall conform to the requirements 
specified in Section 3. 


'Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee A-1 on Steel. 


(S77) 


a 
check 
lor to 
ot to Scope 
days 
a 
fance q 
d 
esent 
anu- 
7 
| 
| 4 
q 


578 SPECIFICATIONS FOR NICKEL-STEEL. PLatEs (A 203 - 37 T 


x Check Analysis 


5. An analysis may be made by the purchaser from a broken tension 
test specimen representing each plate as rolled (Note). The chemical 


composition thus determined shall conform to the requirements specified 
in Section 3. 


Note.—The term “plate as rolled,” used here and in Sections 10 (a) and 11 (a), 
refers to the unit plate rolled from a slab or directly from an ingot in its relation to the 
- location and number of specimens; not to its condition. 


Tension Tests 


6. (a) The material shall conform to the following requirements as to 
tensile properties: 


Grave A GravbE B Grape C 
Tensile strength, 

Ib. per Sq. iN........0--- eee 65 000 to 77 000 70000 to 82000 75 000 to 87 000 
Yield point, lb. per sq. in., min. 0.55 tens. str. 0.55 tens. str. 0.55 tens. str. 
but in no case less “epg 37 000 40 000 43 000 
8 te Flange... 1 600 1 600 0002 1 600 000 
— per cent = : tens. str. tens. str. tens. str. 

| Firebox. . 1 650 0002 © 1 650 0002 1 650 000¢ 
tens. str. tens. str. tens. str. 


_ * See Section 7 (a) and (b). 


(b) Tensile strength only need be determined on the tension test 
specimen taken from the top of firebox plates, and it shall not exceed 80,000 
lb. per sq. in. for Grade A, 85,000 lb. per sq. in. for Grade B, nor 90,000 lb. 
per sq. in. for Grade C. 

(c) The yield point shall be determined by the drop of the beam or 

_ halt in the gage of the testing machine. 


Modifications in Elongation 


; 7. (a) For plates over ? in. in thickness, a deduction from the per- 
centage of elongation specified in Section 6 (a) of 0.125 per cent shall be 
made for each increase of }; in. of the specified thickness above j in. toa 
minimum of 21 per cent for Grade A, 20 per cent for Grade B and 19 per 
cent for Grade C. 

(b) For material } in. and under in thickness, the elongation shall be 

_ measured on a gage length of 24 times the thickness of the specimen. 


Bend Tests 


8. The test specimen shall stand being bent cold through 180 deg. 
without cracking on the outside of the bent portion around a pin, the 
diameter of which shall have the following relation to the thickness of the 
specimen: 


DIAMETER OF Pin Apout WHICH SPECIMEN IS BENT 
(t = thickness of specimen) 
THICKNESS OF MATERIAL Grave A Grave B Grape C 


Over 1 to 2 in., incl 2t 24 
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Homogeneity Test 
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9. (a) The object of the homogeneity test, which is required for fire- 
box steel only, is to open and render visible to the eye any seams due to 
failure to weld up or to interposed foreign matter, or any cavities due to 
gas bubbles in the ingot. The fractured surface of the specimen shall not 
show any single seam or cavity more than } in. in length for plates ? in. 
and under in thickness, nor more than 3 in. in length for plates over 3 to 
2 in., inclusive, in thickness, in any of the fractures obtained in accordance 
with Paragraph (b). Each fracture shall be examined and the lengths of 
the seams and cavities determined, a pocket lens being used if necessary. 

(b) The test may be made on a broken tension test specimen. For 
plates { in. and under in thickness the specimen shall be nicked or grooved 


Parallel Section not less than 9 About 3> 
| 
| 


j<-----8 2001" Gage Length--->| 
for Measuring Elongation’ 
after Fracture’. 


t = Thickness of Plate 
Fic. 1.—Standard 8-in. Gage Length Test Specimen. 


transversely in three places, about #¢ in. deep. ‘The first groove shall be 
2in. from the square end, and each succeeding groove on the opposite side 
about 2 in. from the preceding one. The specimen shall be broken at each 
groove in succession with a hammer or press, the bending being away 
from the groove. For plates over ? to 2 in., inclusive, in thickness the 
specimen may be grooved about } in. deep at one place on one side. 


Test Specimens 


10. (a) Tension test specimens for firebox material shall be taken 
from the top and bottom corners of the plate as rolled, parallel to its longi- 
tudinal axis, and for flange steel from the bottom corner of the plate only. 
Bend test specimens shall be taken from the middle of the top of the plate 
as rolled, at right angles to its longitudinal axis. (See Note under Section 5.) 

(b) Tension and bend test specimens shall be of the full thickness of 
material as rolled, and shall be machined to the form and dimensions 
shown in Fig. 1; or bend test specimens may be machined with both edges 
parallel. The sides of the bend test specimen may have the corners rounded 
toa radius of about js in. 
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Number of Tests 


11. (a) Two tension and one bend test shall be made from each fire. 
box steel plate as rolled. One tension and one bend test shall be made 
from each flange steel plate as rolled. (See Note under Section 5.) 

(b) If any test specimen shows defective machining or develops flaws, 
it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less 
than that specified in Section 6 (a) and any part of the fracture is outside 
the middle third of the gage length, as indicated by scribe scratches marked 
on the specimen before testing, a retest shall be allowed. 


Permissible Variations in Thickness and Weight 


12. (a) The thickness of each plate shall not vary more than 0.01 in. 
under the thickness ordered. 


TABLE I.—PERMISSIBLE 


OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. 


Permissible Excess in Average Weights per Square Foot of Plates for 
Widths Given, Expressed in Percentages of Nominal Weights. 
Ordered Ordered 
Thickness, in. Thickness, in. 
Under 48 to 60 to 72 to 84 to 96 to 108 to | 120 to | 132 in. 
48in. | 60in., | 72in., | 84in. | 96in., | 108in., | 120in., | 132 in., or 
excl. excl. excl, excl, excl. excl, excl. over 
Under 4 9 10 12 14 .. | Under } 
4 to 7's, excl. 8 9 10 12 to excl. 
to excl. 7 8 9 10 12 35 excl. 
4 to zy, excl. 6 7 8 9 10 12 4 16 19 |} to Py, excl. 
Pe to excl. 5 6 7 8 9 10 12 14 17. | excl. 
‘} to xy, excl. 4.5 5 6 7 8 9 10 12 15 |2 to ve excl, 
ye to}, excl. 4 4.5 5 6 7 8 9 10 13 | qe to}, excl. 
excl 3.5 4 4.5 5 6 7 9 11 tog, excl. 
tod, excl. 3 3.5 4 4.5 5 6 7 9 | to excl. 
2 tol, excl. 25 | 3 35 | 4 45 | 5 6 7 g |% tol, excl. 
1 to 2, incl. 2.5 2.5 3 3.5 4 4.5 5 | 6 7 1 to2, inel. 


(b) The overweight of each lot! in each shipment shall not exceed the 


_ amount given in Table I. One cubic inch of rolled steel is assumed to 


weigh 0.2833 lb. 
Finish 


13. The finished material shall be free from injurious defects and shall 
have a workmanlike finish. 


Marking 


14. (4) Except as specified in Paragraph (b), the name or brand of 
the manufacturer, the manufacturer’s test identification number, class, 


1 The term “lot” applied to Table I means all of the plates of each group width and group thickness. 
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lowest tensile strength specified in Section 6 (a) for the grade ordered, 

: fore. and the word “‘nickel”’ shall be legibly stamped on each finished plate in 
made two places not less than 12 in. from the edges and on each butt strap near 
the center line not less than 12 in. from each end. The manufacturer’s 

flaws. test identification number shall be legibly stamped on each test specimen. 
(b) For plates under } in. in thickness, the marking specified in Para- 


ates graph (a) shall be legibly stenciled instead of stamped. ee 
itside Inspection 


irked 15. The inspector representing the purchaser shall have free entry at 


all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture 
of the material ordered. The manufacturer shall afford the inspector, 
without charge, all reasonable facilities to satisfy him that the material is 
being furnished in accordance with these specifications. All tests (except 
check analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so conducted as 
not to interfere unnecessarily with the operation of the works. 


Rejection 

16. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 5, shall be reported within five working days 
from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its accept- 
ance at the manufacturer’s works will be rejected, and the manufacturer © 
shall be notified. 


Rehearing 


17. Samples tested in accordance with Section 5 which represent 
rejected material, shall be preserved for two weeks from the date of the 
test report. In case of dissatisfaction with the results of the tests, the ] 
manufacturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 


-MOLYBDENUM-STEEL PLATES FOR BOILERS AND OTHER 
PRESSURE VESSELS! 


A.S.T.M. Designation: A 204 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. These specifications cover molybdenum-steel plates, in three high 
tensile strength ranges, designated Grades A, B and C, intended particularly 
for fusion welding; for use in locomotive boiler shells, boilers for stationary 
service and other pressure vessels. The maximum thickness of flange 
quality plates to be specified under these specifications shall be 2 in.; of 
Grades A and B ordinary firebox quality, 6 in.; of Grade C ordinary 


firebox quality, 4 in. Welding technique is of fundamental importance 
and it is presupposed that welding procedure will be in accordance with 
approved methods. 


Process 


2. The steel shall be made by either or both of the following processes: 
open-hearth or electric-furnace. 


Heat Treatment 


3. (a) Plates over 2 in. in thickness, before being fabricated, shall be 
uniformly heat treated to produce grain refinement. Heat treatment 
involving quenching in a liquid medium is not permitted. If this treat- 
ment is not done at the rolling mill the testing shall be carried out in accord- 
ance with Paragraph (0). 

(6) When a fabricator, who is equipped to properly perform the work, 
elects to do the required heat treatment for grain refinement he shall so 
indicate on his orders to the mill and he shall accept the plates on the basis 
of the mill tests. The plate manufacturer shall make the tests herein 
specified, the tension and bend test specimens to be prepared from full 
thickness pieces heat treated under conditions he considers appropriate 
for grain refinement and to give the test requirements. The manufacturer 


ta the standardization ure of the Society, these specifications are under the jurisdiction of 


the A.S.T.M. Committee A-1 on 
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shall inform the fabricator of the procedure followed in treating the pieces 
at the mill for guidance in treating the plates. The required physical 
properties shall be determined after heat treatment of the plates on speci- 
mens prepared from pieces similarly and simultaneously treated with the 
plates. Pieces for two tension tests, one top and one bottom, shall be 
provided from each plate as rolled. 


Chemical Composition 


4. The steel shall conform to the following requirements as to chemical 
composition : 


COVERING 
CovERING PLATES UP PLATES UP TO 
TO 6 IN., INCL., IN 4 IN., INCL., 
THICKNESS IN THICK- 

NESS 


GraDE A Grave C 

{for plates 1 in. and under in 
for plates over 1 to 2 in., incl., 
Carbon, max., in thickness 0.26 

percent.... } for plates over 2 to 4 in., incl., 4 

in thickness 0.28 
for plates over 4 to 6 in., incl., ‘ 

in thickness 0.27 
Mangartese, per cent. . 0.50 t00.90 0.50t00.90 0.50 ‘to 0.90 
Phosphorus, max., é : 0.04 0.04 

i 0.035 0.035 

Sulfur, max., { Flange t 0.05 0.05 

per cent.. Firebox 0.04 0.04 
Silicon, per cent 0.15 to0.30 0.15 to00.30 0.15 to 0.30 
Molybdenum, per cent 0.40 to 0.60 0.40to0 0.60 0.40 to 0.60 


Ladle Analysis 
5. An analysis of each melt of steel shall be made by the manufacturer 


to determine the percentages of the elements specified in Section 4. This | 


analysis shall be made from a test ingot taken during the pouring of the 


melt. The chemical composition thus determined shall be reported to — 


the purchaser or his representative, and shall conform to the requirements 


= 
Check Analysis 


6. An analysis may be made by the purchaser from a broken tension | 


test specimen representing each plate as rolled (Note). The chemical 


composition thus determined shall conform to the requirements specified — 


in Section 4. 


Note.—The term “plate as rolled,” used here and in Sections 11 (¢) and 12 (a), refers — 
to the unit plate rolled from a slab or directly from an ingot in its relation to the location | 


and number of specimens; not to its condition. 


Tension Tests 


7. (a) The material shall conform to the following requirements as 


to tensile properties: 
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Grave A GraDE B GRADE C 
Tensile strength, lb. per sq. in..... 65 000 to 77 000 70000 to 82000 75 000 to 87 000 
Yield point, min., lb. per sq.in.... 0.55 tens. str. 0.55 tens. str. 0.55 tens. str. 
but in no case less than......... 37 000 40 000 43 000 
, ion in 8 in., { Flange 1 600 000° 1 600 0002 1 600 000° 
Elongation in 8 in., ienite tens. str. tens. str. tens. str. 
| 1 650 000 1 650 0002 1 650 
tens. str. tens. str. tens. str. 
Elongation in 2 in., { p: pox 1 750 000° 1 750 000° 1 750 000° 
min., per cent*.. | iain tens. str. tens. str. tens. str. 


* See Section 8 (a) and (c). 
» See Section 8 (b). 
© When specimen shown in Fig. 2 is used; see Section 11 (e). 

(6) Tensile strength only need be determined on the tension test speci- 
men taken from the top of firebox plates, and it shall not exceed 80,000 lb. 
per sq. in. for Grade A, 85,000 lb. per sq. in. for Grade B, nor 90,000 lb. 
per sq. in. for Grade C. 

(c) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine. 


Modifications in Elongation 


8. (a) For plates over ? in. in thickness, a deduction from the per- 
centage of elongation in 8 in. specified in Section 7 (a) of 0.125 per cent 
shall be made for each increase of #5 in. of the specified thickness above } in. 
to a minimum of 19 per cent for Grades A and B, and 18 per cent for Grade C. 

(b) For plates over 2} in. in thickness, a deduction from the percent- 
age of elongation specified in Section 7 (a) of 0.5 per cent shall be made 
for each increase of } in. of the specified thickness above 2} in. 

(c) For material } in. and under in thickness, the elongation shall be 
measured on a gage length of 24 times the thickness of the specimen. 


Bend Tests 


9. The test specimen shall stand being bent cold through 180 deg. 
without cracking on the outside of the bent portion around a pin, the 
diameter of which shall have the following relation to the thickness of the 
specimen. When the test is made on a specimen reduced in thickness, 
the rolled surface shall be on the outer curve of the bend: 


DIAMETER OF Pin ABouT WHICH SPECIMEN IS BENT 


(t = thickness of specimen) 
‘THICKNESS OF MATERIAL 


GRADE A GRADE B Grave C 


Homogeneity Test 


10. (a) The object of the homogeneity test, which is required for 
firebox steel only, is to open and render visible to the eye any seams due 
to failure to weld up or to interposed foreign matter, or any cavities due 
to gas bubbles in the ingot. The fractured surface of the test specimen 
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shall not show any single seam or cavity more than {¢ in. in length for 
plates 3 in. and under in thickness; nor more than 2 in. in length for plates 
over 2 to 4 in., inclusive, in thickness; nor more than 3 in. in length 
for plates over 4 to 6 in., inclusive, in thickness, in any of the fractures 
obtained in accordance with Paragraph (b). Each fracture shall be exam- 
ined and the lengths of the seams and cavities determined, a pocket lens 
being used if necessary. 


Parallel Section not less than 9” 


| 

82001" Gage Length ----- >| 

for Measuring Elongation’ 
after Fracture 


t = Thickness of Plate 
Fic. 1.—Standard 8-in. Gage Length Test Specimen. 


‘Radius notless le i 

Note :-TheGage Length, thang Parallel 
Parallel! Section, and 
Fillets shall be as 
Shown, but the Ends 
may be of any Shape : 
fo fit the Holders of \..-----2t 0.005--- 


the Testing Machine ‘Gage Length 
insuchaWay that the for Elongation 
load shall be axial. after Fracture 


Section 


Fic. 2.—Standard 2-in. Gage Length Tension Test Specimen. 


(b) The test may be made on a broken tension test specimen when 
an 8-in. gage length specimen is used. For plates over 2 in. in thickness, 
the specimen for homogeneity test shall be taken adjacent, sidewise, or 
lengthwise, to the top tension test specimen. For plates ¢ in. and under 
in thickness the specimen shall be nicked or grooved transversely, in three 
places, about ; in. deep. ‘The first groove shall be 2 in. from the square 
end, and each succeeding groove on the opposite side about 2 in. from the 
preceding one. For plates over } to 2% in., inclusive, in thickness the 
specimen may be grooved } in. deep, at one place on one side. The speci- 
mens shall be broken at each groove with a hammer or press, the bending 
being away from the groove. For plates over 24 in. in thickness the speci- 
men may be grooved at one place on both sides to leave a fracture which 
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will include the horizontal axis of the plate and have a face at least 2 in 

in depth. in € 

Test Specimens cubl 
11. (a) For plates 2 in. and under in thickness the test specimens 

shall be prepared for testing from the material in its rolled condition. sal 
(b) For plates over 2 in. in thickness the test specimens shall be pre- = 

pared from the material in its heat treated condition, or from full thickness 

samples similarly and simultaneously treated. (See Section 3 (a) and (6).) | 
(c) Tension test specimens for firebox steel shall be taken from the ” 

top and bottom corners of the plate as rolled, parallel to its longitudinal 

axis, and for flange steel from the bottom corner of the plate only. Bend Unde 

test specimens shall be taken from the middle of the top of the plate as bt 

rolled, at right angles to its longitudinal axis. (See Note under Section 6.) at 
(d) For plates 2 in. and under in thickness, tension and bend test bY 

specimens shall be the full thickness of the material and shall be machined i 


to the form and dimensions shown in Fig. 
may be machined with both edges parallel. 

(e) For plates over 2 in. in thickness, tension: test specimens shall be 
machined to the form and dimensions shown in Fig. 2; and the axis of 
each such specimen shall be located midway between the center and the 
top or bottom surface of the plate. The bend test specimens shall be at 
least 1} in. in width, with both edges parallel, and may be reduced to 2 in. 
in thickness; but shall have one surface as rolled. 

(f) The sides of the bend test specimen may have the corners rounded 
to a radius of about j in. for plates 2 in. and under in thickness, and to 
about ¢ in. for plates over 2 in. in thickness. 


1; or the bend test specimens 


Number of Tests 


12. (a) Two tension and one bend test shall be made from each fire- 
box steel plate as rolled. One tension and one bend test shall be made 
from each flange steel plate as rolled. (See Note under Section 6.) 

(b) If any test specimen shows defective machining or develops flaws 
it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less 
than that specified in Section 7 (a) and any part of the fracture is more 
than } in. from the center of the gage length of a 2-in. specimen, or is out- 
side the middle third of the gage length of an 8-in. specimen as indicated 
by scribe scratches marked on the specimen before testing, a retest shall 


Permissible Variations in Thickness and Weight - 


13. (a) The thickness of each plate shall not vary more than 0.01 in. 
under the thickness ordered. 


q 
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(6) The overweight of each lot! of plates 2 in. and under in thickness 
in each shipment shall not exceed the amount given in Table I. One 
cubic inch of rolled steel is assumed to weigh 0.2833 Ib. 

(c) Each plate over 2 in. in thickness shall conform to the permissible 
variations over ordered thickness given in Table II. a 


TABLE I.—PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. 


Permissible Excess in Average Weights per Square Foot of Plates for 
Widths Given, Expressed in Percentages of Nominal Weights. 
Ordered 

Thickness, in. 


Ordered 
Thickness, in. 


60 to 72 to 84 to 96 to 108 to | 120 to 
72in., | 84in., | 96in., | 108 in., | 120 in., | 132 in., 
excl. excl. excl. excl. excl, excl. 


Under $ 
3 excl, 


Under $ 12 14 
to zg, excl. 


feto}, excl. 
to zs, excl. 
fy to}, excl. 
} to zy, excl. 


ito}, excl. 


ao 


zs toi, excl. 
to 7g, excl. 
ts to 3, excl. 
2 to zg, exci. 


7s to}, excel. 


} to, excl. to 3, excl. 


or fF oN 


to%, excl. to 3, excl. 


or OO ON 


tol, excl. 
1 to2, inel. 2.5 


w 


tol, excel. 


to 2, incl. 


TABLE II.—PERMISSIBLE VARIATIONS OVER ORDERED THICKNESS OF PLATES 
OVER 2 IN. IN THICKNESS. 
Nore.—Each plate shall not vary more than 0.01 in. under the ordered thickness. 


Permissible Excess in Thickness, in. 


Ordered Thickness, in. Width, in. 


36 to 60, 60 to 84, 84 to 120, | 120 to 132, | 132 to 144, 


Up to 36, 
excl. excl. excl. excl. excl, excl, 


Over 2 to 3, exel 
3 to 4, exel 


0.125 (4) | 0.125 (4) 
0.125 (4) | 0.125 


0.141 | 0.156 ( 
0.156 | 0.172 (44 


0.141 
0.141 
0.172 (34) 


0.109 
0.109 (¢%) 


0.141 (#4) 
0.156 (285) 


0.062 (345) | 0.094 (x5) 
0.078 (4) | 0.094 


0.125 (§) 
0.109 | 0.125 


14. The finished material shall be free from injurious defects and shall 
have a workmanlike finish. 
Marking 

15. (a) Except as specified in Paragraph (b), the name or brand of the 
manufacturer, the manufacturer’s test identification number, class, lowest 


' The term “lot” as applied to plates 2 in. and under in thickness means all the plates of each group width 
and group thickness. 
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tensile strength specified in Section 7 (a) for the grade ordered, and the 
word ‘‘molybdenum” shall be legibly stamped on each finished plate in 
_ two places not less than 12 in. from the edges and on each butt strap near 
the center line not less than 12 in. from each end. The manufacturer’s test 
identification number shall be legibly stamped on each test specimen. 
(b) For plates under } in. in thickness, the marking specified in Para- 
_ graph (a) shall be legibly stenciled instead of stamped. a 


Inspection 
16. The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of the purchaser is being performed, 
E all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. The manufacturer shall afford the inspector, with- 
out charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted as not 
to interfere unnecessarily with the operation of the works. 


Rejection 
17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6, shall be reported within five working days 


_ from the receipt of samples. 
(b) Material which shows injurious defects subsequent to its accept- 
ance at the manufacturer’s works will be rejected, and the manufacturer 


Rehearing 


18. Samples tested in accordance with Section 6 which represent 
rejected material, shall be preserved for two weeks from the date of the 
‘ test report. In case of dissatisfaction with the results of the tests, the 
_ manufacturer may make claim for a rehearing within that time. : 
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‘TENTATIVE SPECIFICATIONS 
FOR 
IRON AND STEEL FILLER METAL! 


(ARC-WELDING ELECTRODES AND GAS-WELDING RODS) 


y Serial Designation: A 205-37 T _ 


This is a Tentative Standard and under the Regulations of the Cooperating Societies 
is subject to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the A.S.T.M., 260 S. Broad St., Philadelphia, Pa., or of the A.W.S., 33 W. 
Thirty-ninth St., New York, N. Y. 


ISSUED, 1937. 


These specifications were prepared jointly by the American Welding Society and the 
American Society for Testing Materials. 


Scope 

1. (a) These specifications cover arc-welding electrodes and gas- 
welding rods for the welding of carbon-steel shapes, plates, bars, pipe, 
forgings, castings and other steel products covered by the American Society 
for Testing Materials’ specifications for material suitable for welding by 
the fusion process. 

(6) The general purpose for which the filler metal is to be used shall 
be plainly stated in the purchase order. ‘The statement of purpose shall 
include information as to the position of welding, such as flat or downhand, 
vertical, overhead, horizontal fillet, etc., also the welding process, such as 
gas, direct-current arc, alternating-current arc, or other process which the 
purchaser intends to use. 

(c) Seven grades of filler metal are included, designated as Grades 
2,4, 10, 15, 20, 30, and 40, and classified in accordance with the tensile proper- 
ties of the weld produced by the filler metal, as specified in Section 6 
and in Table I (see Explanatory Note). 

(d) Additional requirements (Paragraphs S1 to S8) of an optional 
nature are provided for use when the purchaser desires to test filler metal 
in the more complete manner indicated, such as when existing Code require- 
ments must be satisfied, or the particular application justifies the expense 
of the additional testing. When it is desired that any of these additional 
tequirements apply in any purchase, it shall be so stated in the order (see 
Explanatory Note). 


1 Under the standardization procedure of the two Societies these specifications are under the jurisdiction of 
A.S.T.M. Committee A-1 on Steel, and of the A.W.S. Filler Metal Specifications Committee. 
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2. The filler metal may be made by any process that will fulfill the 
requirements of these specifications. 
. 


Standard Sizes 

3. Standard sizes of filler metal are as follows: 76, #2, #5, 
ys, and jin. in diameter. In the case of coated or covered filler metal, the 
standard sizes refer to the diameter of the core wire. For manual welding 
for welding rods, 36 in. 


standard lengths for electrodes are 14 and 18 in.; 
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Chemical Composition 


4. The filler metal shall be capable of depositing metal conforming to 
the following requirements as to chemical composition: 


0.04 
Chemical Analysis 


5. (a) For arc-welding electrodes, the sample for analysis shall be 
prepared as follows: A specimen of standard base metal (see Table I) of 
sufficient size, shall be prepared, and a pad of five superimposed layers of 
arc metal deposited thereon. The fifth or top layer shall be ground or 
machined away and discarded. The fourth layer shall be carefully milled 
off and used for the analysis specified. 

(b) For gas-welding rods, the sample for analysis may be prepared as 
described in Paragraph (a), except that three layers shall be considered 
sufficient and the top layer used for the analysis, or analysis may be made 
of the welding rod. In the latter case, ten rods shall be selected at random 
from the lot, and milled in such manner as to represent the entire cross- 


All-Weld Metal Tension Tests 


6. The deposited metal shall conform to the minimum tensile properties 
specified in Table I. 


Test Specimens 


7. (a) From each lot of 50,000 lb., or fraction thereof, of each size of 
filler metal submitted for inspection, a sufficient number of electrodes or 
welding rods shall be selected at random from various bundles or con- 
tainers, and a deposited metal specimen prepared. 

(b) The specimen shall be prepared in the position specified in the 
order. If more than one position is specified, a test specimen shall be 
prepared in each position specified. ‘The welding process (gas, alternating- 
current arc, direct-current arc, etc.) specified in the order shall be used. 
The welding shall be performed by a qualified welding operator,' following 
the technique recommended by the manufacturer of the filler metal. 
“Tentative Rules foe the Qualification of 


Am. Welding Soc., October, 


1 For the requirements of a qualified welding operator, see 
Welding 


and Testing of Welding Operators,” 
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(c) For #g and #,-in. filler metal, the all-weld tension test is imprac- 
ticable and the strength of these sizes shall either be judged by the strength 
of }-in. or larger filler metal or shall be determined by a joint specimen for 
tension test as covered in Paragraphs S3 and S4. 

(d) For -in. filler metal, a plate § in. in thickness shall be prepared as 
illustrated in Fig. 1 and the subsize all-weld tension specimen prepared as 


TaBLE I.—TENSILE REQUIREMENTS FOR DEPOSITED METAL. 


All-Weld Tension Test 
rea 
Specimen* ing | in 2 in. min, 


per cent 


AS.T.M. A70 Firebox quality steel plate,* tensile 
strength 55,000 Ib. per sq. in., min.; or A.S.T.M. 
A 7 Steel for bridges,® tensile strength 60,000 Ib. per | | stress-relieved 204 
sq. in., min., with carbon not over 0.25 per cent and [{ | non-stress-relieved 164 
— not over 1.00 per cent; or equivalent 
steels. 


{ 


same as for Grade No. { 


_* See Standard Specifications for Carbon-Steel Plates for Stationary Boilers and Other Pressure Vessels (A.S.T.M. Desig- 
nation: A 70) of the American Society for Testing Materials, 1936 Book of A.S.T.M. Standards, Part I, p. 56. 
*See Standard Specifications for Steel for Bridges (A.S.T.M. Designation: A 7) of the American Society for Testing 
Materials, 1936 Book of A.S.T.M. Standards, Part I, p. 1. 


e ee pa ss where called for in these specifications is for the purpose of developing the fundamental properties of the 
weld metal unal by locked-up stress. Values obtained from stress-relieved welded specimens are about 5 per cent lower in 
tensile strength and 10 to 20 cent higher in ductility than those of non-stress-relieved specimens. The fact that a filler 
metal test requires stress-relief signifies only that it must develop the strength required regardless of stress-relief, and not that 
streas-relief must always be used in actual work. Stress-relieving shall be within the range of 1100 to 1200 F. for 1 hr. per 1 in. 
of thickness. Gas-welded specimens may be heat-treated at higher temperatures than the temperature specified above for 


4 It {s immaterial how these high physical properties are obtained, that is, whether by carbon-steel filler metal with ray 


nese and silicon contents or by the use of some other alloying elements, but the total amount of such other elements 8 
leas than 4 per cent. 


(e) For -in. and larger sizes of filler metal, a plate ? in. in thickness 
shall be prepared as illustrated in Fig. 2 and the tension specimen prepared 
as shown. 

(f) Test plates shall be so supported that warping due to welding 
shall not throw the finished test plate out of line by an angle of over 5 deg. 
If plates are warped, they shall be straightened cold before being stress- 
relieved where required. 

(g) The length of test plates may be increased as desired in order to 
provide material for additional tests when specified. 
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Retests 


8. If the tension test specimen fails to conform to the requirements be st 
specified, three additional test plates shall be prepared as specified in be 0 
Section 7, all of which shall conform to the requirements specified or the appe 
lot of filler metal shall be rejected. _ Bn blist 
Electrodes for Manual Welding Finis 

9. In the case of coated or covered electrodes for manual welding, 
about 1 in. of the electrode shall be bare or free from coating at the one and 
end for making contact with the holder. The arc end shall be sufficiently finis 


> ' 
| 
' 
of i! 
N 
0 250” 


| 
‘Paralle/ 


Shou/dered or Ends 
May be Used if Desired 


Note 1.—The above plate shall be used for pin. filler metal. 

Note 2.—Welds shall be deposited in either layers or beads. 

Note 3.—Welds in vertical position shall be deposited upwards. 

Note 4.—Electric welds shall cool to at least 100 F. between the deposition 
of each layer or bead. 


Fic. 1.—Test Plate for }-in. Diameter Filler Metal and Method of Machining Specimen. 


bare to permit easy striking of the arc, but the length of the bare portion 
of the arc end, measured from the end to the point where the full cross- 
section of the coating obtains, shall not exceed one nominal diameter. __ : 


Permissible Variations in Dimensions 


10. (a) Cross-sectional dimensions shall not wony from that specified 
by more than +3 per cent. 

(6) Cut lengths shall not vary from that specified by more than 
+} in. 
Workmanship 


11. (a) —_— filler metal and the core of conted or covered filler 
metal shall be of uniform quality free from injurious segregation, oxides, 
pipe, seams or other irregularities. 
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(b) On coated or covered filler metal, the coatings and coverings shall 
be such that they are not readily damaged by ordinary handling and shall 
be of commercially uniform thickness and shall present a workmanlike 
appearance. Coatings and coverings shall be free from —_— scabs, 
blisters, abnormal pockmarks, bruises or other surface defects. 


Finish 

12. The surface of gas-welding rods and bare electrodes shall be smooth 
and free from harmful scale, oil, or grease and shall be plain or copper 
finished, as specified. 


filler Meta/ 


/3 x diameter of 


diam 


diam 

onda 


52 
3* 
6 


for 
“for; 


2 


“Shouldered or Square Ends 
may be Used if Desired 


Parallel Section 
Note 1.—The above plate shall be used for filler metal 37 i in. in diameter and larger. 
Note 2.—Welds shall be deposited in either layers or Ss. 
Note 3.—Welds in vertical position shall be deposited upwards. 
- Note 4.—Electric welds-shall cool to at least 100 F. between the deposition of each 
layer or bead. 


Fic. 2.—Test Plate for Filler Metal ,§, in. in Diameter and Larger and Method of _ 
Machining Specimen. 
Packing 
13. Filler metal shall be suitably packed, wrapped, boxed or crated to 
insure against injury during shipment or storage, as follows: 
(2) Bundles of 50 or 100-lb. net weight, 
(b) Boxes or kegs of 50, 100, 200, or 300-lb. net weight, and 
(c) Coils or reels of approximately 50, 100, 150, 200, or 300-lb. net 
weight. 
Marking 
14. All bundles, boxes, kegs, coils or reels shall e legibly marked 


and bear the following information: . 
(a) Grade, 


(}) Manufacturer’s name and trade designation, 
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(c) Purchase order number, 


(d) Size of filler metal, and = 
(ec) Net weight. 
15. All standard tests and inspection shall be made at the place of up fi 


manufacture prior to shipment, and at the manufacturer’s expense, unless 
otherwise specified, and shall be so conducted as not to interfere unneces- 


sarily with the operation of the works. 
For Joint Preparation Before Welding See fig 1&2. 


After Welding Remove Backing Strip and Deposit 
Bead on Under Side of Plate 


§ Reject AI 
3 -Section 
Nick-Break 
free Bend 
= x 
Density F 
—- 
Rejec 
[wer 
Ten 
and 
Fitter METAL, SIZE and 
Fic. 3.—Test Plate for Additional Tests (see Paragraphs S4, S5, S6, S8). 
Certification 
16. When mutually agreed upon between the manufacturer and the 
purchaser, a certification that the material conforms to the requirements 
of these specifications shall be the basis of acceptance of the material. : 
Nic 
$1. These additional requirements shall not be considered unless br 
specified in the order, in which event the additional tests specified shall be Fi 
_ made at the place of manufacture, at the purchaser’s expense, and may be ble 
witnessed by his inspector before shipment of the material. The purchaser ap 
shall specify by number, the additional requirements desired. in 
ni 
_ Test Specimens for Additional Tests 
$2. As specified in Section 7 (g), the standard test plates shown in fr 


a Figs. 1 and 2 may be increased in length to furnish material for additional 
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tests $3, S4, S5, and S8. If it is desired to prepare a separate test plate 
for additional tests S3, S4, S5, and S8, this shall be done using the same base- 
plate material as specified in Table I and following the requirements speci- 
fed in Section 7. This test plate shall conform to Fig. 3, and shall be cut 
up for test as shown. 


If Coupons have been Cut Apart by a 
Thermal Process the Cut Edges in these 
locations Need Not be Machined 


he ---+«---~ 


— About 6" 


Edges of Weld-4 ~ 


4 
> < 


le---About 10” 


Machinng of ts Section should Preferably Do Not Remove Weld — “Saw Stot Across 


be Done by Milling. Both Faces of the Weld Rem forcement from--° Thickness of 


Either Side of Specimen. Specimen 
are to be Machined Flush with the Plate No Machining Required Pp 


Fic. 4.—Specimen for Tension Test of on this Snecimen 
Welded Joint. Fic. 5.—Specimen for Nick-Break Test. 


Tension Test of Welded Joint 


$3. Test specimens of the welded joint, prepared as shown in Fig. 4 
and stress-relieved unless otherwise specified, shall be tested in tension 
and shall conform to the following requirements: 

GRADE TENSILE STRENGTH, LB. PER SQ. IN. ; 
No. 100 per cent of minimum base metal requirements 
No. 100 per cent of minimum base metal requirements 
No. 100 per cent of minimum base metal requirements 
No. 100 per cent of minimum base metal requirements 
No. 95 per cent of minimum base metal requirements 


No. 85 per cent of minimum base metal requirements 
No. 90 per cent of minimum base metal requirements 


Note.—Before determining the tensile strength of the base metal, the specimen should 
recelve the same heat treatment as is used in stress-relieving the welded test specimen. | 


Nick-Break Test 


54. (a) The nick-break test shall not be specified for Grades 30 or 40, 
nor for ¥¢ and ;3,-in. filler metal of the other grades. The specimen for nick- 
break test of filler metal } in. and larger shall be prepared as shown in 
fig. 5. It shall be suitably supported as shown and broken by a sudden 
blow applied at the center of the weld. The blow should preferably be 
applied by a power hammer or falling weight, and shall be of sufficient 
intensity to cause a sharp, sudden fracture of the specimen through the 
ticked portion. 

(b) The nick-break test for soundness of the weld shall show in the 
fractured surface of the specimen tested in accordance with Paragraph S4 (a) 


‘omplete penetration through the entire thickness of the weld, absence of 
39 
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oxide or slag inclusions and a degree of porosity not to exceed six gas pockets 
é. per square inch of the total area of the weld surface exposed in the fracture 
the maximum dimensions of any such pocket not to be in excess of + in 


Free-Bend Tests 


$5. (a) The free-bend test shall not be specified for j¢ and #,-in 
filler metal. A prepared welded-joint specimen of filler metal } in. and 
larger shall be capable of being bent at room temperature under free-bending 
conditions until the least elongation measured within or across approxi- 
mately the entire weld on the outside fibers of the bend test specimen con- 


This Surface to be Reasonably Smooth. 

Any Tool Marks Remaining must be 

lengthwise of Specimen. 
y 


‘ 
« 


v2 


Scribe Lines dt 


~s| of Weld 


7" 
46 


Indicates Light FL --- ---- >| 


Finish Cut. Weld f30°Approx 
Rein forcement to L - | 


L Approximate Minimum)°3in. +3V~~~/ 
V:Width of the Surface of the Weld 
The Machining of the Edges of the Specimen Need be Carried Only +" 
Beyond the Edges of the Weld The length of the Bend Specimen is 
Immaterial Provided the Bend Occurs at the Weld. The Minimum 
Length Indicated 1s Only Suggestive and Not Mandafor y. 


rad 


(b) 
(c) 


Die for Deforming Bend Specimens Up to 
90 deg. ; Additional Bending to be Done Free 


Fic. 6.—Specimen for Free-Bend Test and Method of Testing. 


forms to the values specified in Table II. When a crack is observed in the 
convex surface of the specimen between the edges, the specimen shall be 
considered to have failed. Cracks at the corners of the specimen shall not 
be considered as a failure. Superficial defects which do not increase In 
width as the bending progresses shall not be considered as failure. 
(6) The preliminary bending of the free-bend test specimen may be 
performed by either of two methods, as illustrated in Fig. 6 (a) and (6). 
q As in Fig. 6 (a), the bend in the specimen may be started by holding the 
specimen in a vise about one-third from the end, producing an initial bend 
at this point with hammer blows. Another bend about one-third from 
the other end is produced in the same manner. Or the bending of these 
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two points may be done in a bending die with pressure rather than hammer 
blows. As shown in Fig. 6 (0), the specimen shall be placed across two 
supports and bent by pressure up to 90 deg. After this preliminary bending 
by either method, the specimen shall be placed as a strut in a vise or com- 
pression testing machine, as illustrated in Fig. 6 (c), and pressure applied 
gradually, that is, without shock, at the ends until the gage length in the 
weld metal on the outside of the bend has elongated the amount specified 
in Table II, or until failure occurs. 


TABLE II.—MINIMUM JOINT REQUIREMENTS, FREE-BEND TEST. 


OuTSIDE FIBER 
TREATMENT OF ELONGATION, 
WELDED SPECIMEN PER CENT 


Non-stress-relieved 
or 30 
Stress-relieved, 25 
as 20 
Specified. 10 


No. 


Coated or Covered Electrode Requirements 


S6. (a) The coatings or coverings on electrodes shall be capable of 
withstanding ordinary handling, and bending to an angle of 30 deg. about 
amandrel 2 in. in diameter, without flakes falling from the coating. 

(b) The coatings on electrodes shall not be harmfully hygroscopic. 
They shall not be harmed by storage under normal storage conditions 
for periods up to nine months. 

(c) The slag produced shall be readily removable by hand tools. 
Electrodes producing slag so hard as to necessitate the use of a power 
hammer for slag removal will not be acceptable. 

(d) The coatings and coverings on electrodes shall be concentric to 
the extent that for all sizes of electrodes the maximum core-plus-one- 
coating dimension shall not exceed the minimum core-plus-one-coating 
dimension by more than 3 per cent. The concentricity shall be measured 
as follows: 

The coating or covering shall be removed from one side of the electrode 
care being taken to insure that no metal is removed from the core) at 
about the center of its length. The core-plus-one-coating dimension (which 
is the diameter of the core plus the thickness of the coating on one side) 
shall be measured with a micrometer. ‘The coating shall be removed from 
the opposite side of the electrode at a point distant from the place where 
the coating was previously removed, and a similar measurement made. 
Two more pairs of measurements of the core-plus-one-coating dimension 
shall be made on planes at angles of 60 deg. and 120 deg. from the plane of 
the former measurements. The pair of measurements which shows the 


oe percentage of variation shall determine the acceptability of the 
electrode. 


597 
kets 
ure 
5 in 
and 
ding 
roxi- 
con- 
n the 
all be 
I not 
ise in 
(b) 
g the | 
bend 
these 


598 SPECIFICATIONS FOR Fitter METAL (A 205 - 37 T) 


Usability Test 


S7. (a) Filler metal of Grades Nos. 2, 4, 10, 15, and 20 shall be capable 
of depositing, in all required positions, single bead fillets having a cop- 
vexity ratio not greater than 30 per cent. If specified for Grades 30 and 49, 
the convexity ratio shall be not greater than 35 per cent. Fillet welded 
joints shall be made in each required position, from the same base plate 
material as used for all other tests, as shown by Fig. 7. Photomacrographic 
specimens shall then be cut, as shown in Fig. 7, from the center 6 in. of the 
fillet, which portion is assumed to represent the work of the filler metal; 


Photomacrographic Specimen This Edge of Standing Member : 5 
Selected from Central Portion Rolled or Machined and in 


Contact with Plate Throughout 
/ 


for This Plate to be in Horizontal Plane 
orting & for Flat and Overhead Position Tests 


for Craters 
KR = } One Single Bead 


¥ with Filler Metal ~ 


c 


Shall be | 
Adequate 
Member at 90 deg. 2 ™ 

to Plate 


/ Joint thus for each Required Position for g and # 0 Filler Metal 
/ Joint thus in Flat Position for 7D and Larger tiller Metal 


Note 1.—Fillets shall be best that welder can make after reasonable amount of practice. 


Note 2.—Vertical welds shall be deposited upwards. — 
Note 3.—Fillets shall have the following maximum sizes: 


Filler Metal Size Zin. 
Fillet Size, max in. in. 
Note 4.—Use plates 3 in. in thickness for tests of 3% and 4-in. filler metal. 


Fic. 7.—Specimen for Usability Test of Filler Metal. 


a sufficient number of specimens being taken to thoroughly represent the 
specimen. The region where electrodes are changed shall be excepted 
from examination. Photomacrographs at a magnification of four diameters 
shall be made of the specimens, and examined for defects. 

| The convexity ratio of the fillets shall be determined as follows: On 
the photomacrograph a line at 45 deg. to the surface of the through plate 
shall be drawn internally tangent to the inmost point in the face of the 
fillet as shown by A-C, Fig. 8. A line parallel to A-C and tangent to the 

- outermost point on the face of the fillet shall be drawn as shown by G-H; 
another line parallel to A-C and tangent to the base-and-weld-metal inter- 
section nearest to A-C shall be drawn as shown by J—K; perpendiculars 
E-F and D-B shall be dropped to A-C, and the ratio of E-F to D-B shall 
be considered as the convexity ratio. 

The photomacrographs shall also be examined for undercutting and 

overlapping. 

(b) Electrodes which undercut, that is, reduce in any degree the 
original thickness of the base metal, in making any required type of weld 


Conve 
Under 
Overla 
‘ D 
Porosi 

/ 

» Zin. 
Conv 
Unde 
Over! 
Poros 
Con 
Und 
Over 
Porto 


SPECIFICATIONS FOR FILLER MEtTAt (A 205 - 37 T) ald 


Convexity Ratio = 0.30 


“UNDERCUT- 
TING 


Convexity matte « = 0.06 
Up ndercutting... 
ty.. 


Ratio = 1.15.. 


Convexity Ratio = 0.30 Convexity Ratio = 0.56....... 
Undercutting A Undercutting 

Overlapping i 

Porosity 


CUTTING 
POROSITY 


Convexity Ratio = 0.22 Convexity Ratio = 0.76.......NA 
Undercutting Undercutting NA 
Overlapping 

Porosi Porosity 


Convezity = shoves Convexity Ratio = Inf.. 
Undercutting.. NA Undercutting 

Overlapping Overlapping 


(1) 


Note.—A. = Acceptable: NA = Unacceptable. 
Fic. 8.—Acceptable and Unacceptable Fillet Welds. 
Illustrations Reproduced by Courtesy ‘of U.S. Navy, Bureau of Construction and Repair. 
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in any required position shall not be accepted. For examples of under. 

, cutting, acceptable and non-acceptable, see Fig. 8. 

(c) Electrodes making deposits which overlap or roll, that is, deposits 
which extend outside lines erected at the intersection of the base and weld 

; _ metals, which lines are perpendicular to the base metal surface, in the case 

| of bead and butt welds, and at 45 deg. to the base metal surface in the 
case of fillet welds, shall not be accepted. For examples of acceptable and 

4 non-acceptable overlapping, see Fig. 8. 


4 
Strip from 
Plate tig. 3 


q 


DIAMETER oF Density 
D 


Finish 
All Over 4 120 


Dimensions Measured to the Nearest 000/ in 


Fic. 9.—Specimen for Density Test of Filler Metal. 
d Density Determination 


S8. The specimen for density determination shall be prepared as shown 
_by Fig. 9. The density shall be determined by measurement and weight 
of the specimen, and not by the immersion method. 

The results shall conform to the following minimum values: 


DENSITY DENSITY 
GRADE (Speciric GRAVITY) GRADE (Speciric Gravity) 


EXPLANATORY NOTE 


Note.—It has been most convenient to classify the several grades of filler 

_ metal in accordance with the tensile properties of the weld metal, that is, the results 
f of so-called all-weld tension tests. Such values are probably of importance in nearly 
all applications of filler metal. For this reason, it has been made the basis of accept: 
ance for general purposes. It has been clearly recognized that some fields of applica- 
tion, and many special cases, would require testing in a more complete manner. Also, 

it was appreciated that some applications would require specific requirements for 

- coatings, and ability to deposit welds of restricted contour. To embody all of such 
requirements into the main body of the specifications would unduly penalize many 
producers and consumers alike. The most satisfactory method for handling such a 
situation was to include these various tests and requirements in the specifications as 
additional requirements of an optional nature, to be specified when and if required. 
There is no intent to convey the impression that they are of less importance than the 
all-weld tension test. The method of inclusion permits the selection of just those 
additional requirements that may be desired at any time. 
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TENTATIVE SPECIFICATIONS 


weld FOR 
: th SEAMLESS COLD-DRAWN INTERMEDIATE ALLOY-STEEL 
HEAT-EXCHANGER AND CONDENSER TUBES! 
( 
A.S.T.M. Designation: A 199 — 37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 
nnual revision. Suggestions for revision should be addressed to the Headquarters of the 
ciety, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1937. 
ENSITY Scope 

1. (a) These specifications cover several grades of chromium-molybde- 
| num and chromium-molybdenum-silicon seamless cold-drawn intermediate 
alloy-steel exchanger and condenser tubes, for heat exchangers, condensers 

and similar heat-transfer apparatus, in sizes } in. to but not including 2 in. 
in outside diameter. 

(b) The grade desired shall be specified on the order. 

(c) In specifying dimensions, the purchaser shall specify either out- 
~~ side diameter and minimum wall thickness, or outside diameter and average 
eight wall thickness. ‘The inside diameter shall not be specified. 

Process 

2. The steel shall be made by the electric-furnace process or other 

= process approved by the purchaser. 
RAVITY 
75 Manufacture 
om 3. (a) Tubes shall be made by the seamless process and shall be 
cold-drawn. 
(b) Unless otherwise agreed upon by the manufacturer and the pur- 

chaser, tubes may be given such heat treatment as is considered desirable 
nes by the manufacturer to meet the requirements of these specifications. 
nearly Chemical Composition 
boas 4. (a) The steel shall conform to the following requirements as to 
Also, chemical composition: 
ts for Grave 1 GRADE 2 GRADE 3 GRADE 4 GRADE 5 7 
such Carbon, max. per cent 0.15 0.15 0.15 0.15 0.15 
Manganese, percent. 0.30to0.60 0.50 max. 0.40t0 0.60 0.30t0 0.60 0.30 to 0.60 e 
many Phosphorus, max. per 
uch a ay 0.030 0.030 0.030 0.030 0.030 
ns as Sulfur, max. per cent. 0.030 0.030 0.030 0.030 — 0.030 
nired. Silicon, per cent...... 0.50 to 1.00 0.50to 1.00 0.45t00.75 0.50 max. 0.50 max. 
the hromium, per cent.. 1.00to 1.50 2.25to2.75 1.50to02.00 1.75 to 2.25 2.75 to 3.25 
Molybdenum, percent 0.45 to 0.65 0.45 to 0.65 0.60t00.80 0.45 to 0.65 0.80 to 1.00 


‘Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee A-1 on Steel. 
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(b) When requested by the purchaser, the manufacturer shall submit 


a report showing the ladle analysis of each melt of steel from which the a 
tubes have been made. 

|ymit: 

5. (a) When requested by the purchaser, analyses of two tubes from die b 
each melt or from each lot of 250 tubes or fraction thereof shall be made, | 
Drillings for analysis shall be taken from several points around each tube shall 
selected for analysis. ‘The chemical composition thus determined shall Hard 
conform to the requirements specified in Section 4 (a). 

(b) If the analysis of either tube does not conform to the requirements not 
specified, analyses of two additional tubes from the same lot shall be made, 
each of which shall conform to the requirements specified in Section 4 (a). spec 
Tension Test 

6. (a) The material shall conform to the following minimum require- to | 
ments as to tensile properties: 

60 000 

(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine, or other approved method. 
Flattening Test J 

7. (a) For tubes having wall thicknesses! not exceeding 10 per cent 
of their outside diameters, a section not less than 2} in. in length shall Ma 
stand being flattened between parallel plates until the distance between Te 
the plates is three times the wall thickness, without cracking or showing 
flaws. Hy 

(b) For tubes having wall thicknesses! exceeding 10 per cent of their 
outside diameters, a section not less than 2} in. in length shall stand being 10 
flattened between parallel plates until the distance between the plates is Te 


four times the wall thickness, without cracking or showing flaws. b 
Flaring Test 


8. (a) A section of tube approximately 4 in. in length shall stand 
being expanded at one end over a tapered mandrel having a slope of | In 
10 (Fig. 1) until the actual average inside diameter is increased 20 per cent 
without cracking or showing flaws. 

(b) Alternative Flange Test.—When specified in the order, a flange test 
may be substituted for the flaring test prescribed in Paragraph (a) for tubes 
having a wall thickness! less than 10 per cent of the outside diameter. 
In this case a section of the tube not less than 4 in. in length shall be capable 

“of having a flange turned over ataright angle to the body of the tube without 


4 + a term wall thickness shall be defined as the actual mean wall of the material tested. (See Notes ! 
and 2. 
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racking or showing flaws. This flange as measured from the outside of 
the tube, shall not be less than § in. nor more than j in. Within these 
\imits, the width of the flange shall not be less than 15 per cent of the 
itside diameter of the tube. It is recommended that the flaring tool and 
ie block shown in Fig. 2 be used in making the flange test. 

(c) For tubes heavier than specified in Paragraph (0), the flange test 


shall not be required. 


Hardness Test 

9. (a) For all grades, a Rockwell test shall show a hardness number 
not to exceed 85 B Scale. 

(b) The hardness test may be made on the tube near the end, or on a 
specimen cut from the tube, at the option of the manufacturer. 
~ (c) In making the Rockwell hardness test, reference should be made 
to the Standard Methods of Rockwell Hardness Testing of Metallic 


» 


Materials (A.S.T.M. Designation: E 18) of the American Society for 
Testing Materials.' 


Hydrostatic Test 


10. Each tube shall be tested at the mill to a hydrostatic pressure of 
1000 Ib. per sq. in. 


Test Specimens 


ll. (a) Test specimens shall be taken from the ends of finished tubes 
efore being cut to length. They shall be smooth on the ends and free from 
burrs and flaws. 

(0) Tension tests shall be made in full section of the tubes. 

(c) For tubes with upset ends, all tests specified in Sections 6, 7 and 8 
shall be made on the plain end tubes, before upsetting, and the hardness test 
specified in Section 9 shall be made on the ends, after upsetting. 

(¢) All specimens shall be tested at room temperature. _ 


Number of Tests 


12. (2) From each group of 100 finished tubes or fraction thereof one 
tube shall be selected at random for the tension test specified in Section 6. 


11936 Book of A.S.T.M. Standards, Part I, p. 824. 
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(b) From each heat-treated lot, one flattening and one flaring or flang 

_ test specified in Sections 7 and 8 shall be made on each of two tubes, and 

i one hardness test specified in Section 9 shall be made on each of 5 per cent 
of the tubes from each heat-treated lot. 

(c) Each tube shall be subjected to the hydrostatic test specified in 

Section 10. 

Retests 


13. (a) When the results of the physical tests of any group or lot do 
not conform to the requirements specified in Sections 6, 7, 8 and 9, retests 
may be made on additional tubes of double the original number from the 
same group or lot, each of which shall conform to the requirements specified. 


Position 


after Using 
flaring Too!-. 


A= Outs. Diam. of Tube less Diam. of Tube plus 


B= Outs. Diam. of Tube less 3" 


C=Outs. Diam. of Tube plus zx | 
Flaring Tool Die Block 


Fic. 2.—Flaring Tool and Die Block for Flange Test. 


(0) If any tension test specimen shows defective machining or develops 

_ flaws, it may be discarded and another specimen substituted. If the elonga- 
tion of any tension test specimen is less than that specified, and any part 
of the fracture is more than 2 in. from the center of the gage length as 
indicated by scribe scratches marked « on the specimen before > testing, a 
retest shall be allowed. . 


¥ Retreatment 


14. If the tubes selected to represent any group or lot fail to meet 
_ the test requirements specified in Sections 6, 7, 8 and 9, the group or lot 
represented may be retreated and resubmitted for test. Only two reanneal- 

_ ing treatments shall be permitted. 


q Permissible Variations in Dimensions 


15. Variations in specified diameter, wall thickness, and length from 


those specified shall not exceed the amounts shown in Table I. (See Notes 
Land 2.) — 
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Finish 

16. Finished tubes shall be reasonably straight and have smooth ends 
free from burrs. They shall be free from scale and injurious defects and 
have a workmanlike finish. Minor defects may be removed by grinding, 
provided the wall thickness is not decreased to less than that permitted in 


Section 15. A slight amount of oxidation will not be considered as scale. 


TABLE I.—PERMISSIBLE VARIATIONS IN DIMENSIONS OF TUBES. 


pee ay ae Inside Diameter,* | Wall Thickness,* Cut Length, 


in. in. per cent in. 
Size, Outside Diameter, in. Roundness), in 


Over Under Over Under Over Under Over Under 


PerMissiBLe VARIATIONS FoR AVERAGE WALL Tupes 


0.004 . 0.004 0.004 
0.006 0.006 0.006 
0.008 : 0.008 0.008 


* For tubes having an inside diameter less than 60 per cent of the outside diameter or having a wall 3 in. or over in thick- 
ess, which cannot be successfully drawn over a mandrel, the inside diameter may vary over or under by an amount equal to 
10 per cent of the wall thickness. The wall thickness of these tubes may vary 12.5 per cent over or under that specified. 
For tubes having an inside diameter less than } in., which cannot be successfully drawn over a mandrel, the wall thickness 
may vary 15 per cent over or under that specified; and the inside diameter will be governed by the outside diameter and wall 
rickness variations. 


Note.—While the tubes are actually drawn to cold-drawn mechanical tubing toler- 
nees the additional tolerances shown in Table I are required on account of warping caused 
by annealing and straightening. 


Marking 
17. The name or brand of the manufacturer, name and order number 
of the purchaser, grade, and hydrostatic test pressure in pounds shall be 


marked on a tag securely attached to the bundle or box in which the tubes — 
are shipped. 


Inspection 


18. The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of the purchaser is being performed, to 
all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. The manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. Unless otherwise speci- 
ued, inspection and all tests shall be made at the place of manufacture. 
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Certification 


19. When inspection at the place of manufacture has been waived by 
the purchaser, the manufacturer shall furnish, on request, a statement 
that the material has" been tested and has met all the requirements of thes 
specifications. 


Rejection 

20. (a) When inspection at the place of manufacture has been waived 
any rejection based on tests made in accordance with Section 5 shall be 
reported, by the purchaser, within five working days from receipt of 
samples. 

(b) ‘Tubes which fail in the process of installation shall be set aside 


and the manufacturer notified. oe 
Rehearing 


21. When inspection at place of manufacture has been waived samples, 
tested in accordance with Section 5, which represent rejected tubes shall be 
preserved for two weeks from the date of the test report. In case of dis- 
satisfaction with the results of the tests the manufacturer may make claim 
for a rehearing within that time. 


ak 


EXPLANATORY NOTES 


Nore 1. Average Wall.—When an average wall tube is specified, the theoretical 
weight per foot of the tube is based on the exact specified dimensions. ‘The actual 
wall thickness may vary over and under the specified thickness by certain definite 
amounts. 


For the theoretical weight: W = (D — 4)t 10.68 
For the nominal inside diameter: JD = D — 2t 


where W = the weight per foot of tube in pounds, 
ID = the inside diameter of tube in inches, 
D = the specified outside diameter of tube in inches, 
t = the specified wall thickness of tube in inches, and 
10.68 = the weight constant. 


The actual weight of finished tubes may vary 5 per cent under or 3.5 per cent. 
over the theoretical weight. 


Nore 2. Minimum Wall.—When a minimum wall tube is specified, the wall 
thickness shall at no point be less than that specified, but may exceed that thickness 
by a certain definite amount. This necessitates establishing a mean wall dimension 
between the maximum and minimum dimensions. 
specified wall thickness 

0.90 

Since the wall thickness of the tube has now been increased it follows that the 

weight per foot has been increased also. 


For cold-drawn tubes the mean wall thickness= 


|. 
| 

| | 


over this calculated weight. 

The nominal inside diameters of minimum wall tubes may be cored by the 
following formula: 

For cold-drawn tubes: JD = D — 2 
where W = the weight per foot in pounds, 

I o = the nominal inside diameter of tube in inches, 

= the specified outside diameter of tube in inches, and 
: = the specified wall thickness of tube in inches. “4 
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The weight may be determined by the — formula: eo 

For cold-drawn tubes: W = (D 10.68 

The actual weight of finished tubes may vary 5 per cent under or 3.5 per cent 
| 
| 
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TENTATIVE SPECIFICATIONS 
FOR 
SEAMLESS INTERMEDIATE ALLOY-STEEL STILL 
REFINERY SERVICE! 


TUBES FOR 


A.S.T.M. Designation: A 200 - 37 T 


} This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED, 1937. 

Scope 

1. (a) These specifications cover several grades of chromium-molyb- 
denum and chromium-molybdenum-silicon intermediate alloy-steel still 
tubes 2 in. or over in outside diameter and heavier than No. 5 B.wg. 
minimum or } in. average wall thickness. ‘These tubes are to be used for 
carrying oil at elevated temperatures and pressures in various types of oil 
stills in which the tubes may be subjected to a furnace temperature higher 
than that of the contained fluid. 

(b) The grade desired shall be specified on the order. 

(c) In specifying dimensions, the purchaser shall specify either out- 
side diameter and minimum wall thickness, or outside diameter and average 
wall thickness. The inside diameter shall not be specified. _ 


Process 


2. The steel shall be made by the electric-furnace process or other 


process approved by the purchaser. 


3. (a) Tubes shall be made by the seamless process and shall be 
either hot-rolled or cold-drawn, as specified. 

(b) Unless otherwise agreed upon by the manufacturer and the pur- 
chaser, the tubes may be given such heat treatment as is considered de- 
sirable by the manufacturer to meet the requirements of these specifications. 


Manufacture 


Chemical Composition 


4. (a) The steel shall conform to the following requirements as to 
chemical composition : 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee A-1 on Steel. 
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Grave 2 Grave 3 Grave 4 GRADE 5 
rbon, max. per cent. 0.15 0.15 0.15 0.15 myn 
Manganese, per cent.. 0.30t0 0.60 0.50 max. 0.40 t0 0.60 0.30 t0 0.60 0.30 to 0.60 
phorus, max. per | 


0.030 0.030 0.030 0.030 0.030 
fur, max. per cent.. 0.030 0.030 0.030 0.030 — 0.030 
con, per cent 0.50to 1.00 0.50to 1.00 0.45to0.75 0.50 max. 0.50 max. 
romium, percent... 1.00to 1.50 2.25to2.75 1.50to2.00 1.75 to2.25 2.75 to 3.25 
Molybdenum, percent. 0.45 to 0.65 0.45 to 0.65 0.60t0 0.80 0.45 to 0.65 0.80 to 1.00 


(b) The manufacturer shall submit a report showing the ladle analysis 


f each melt of steel from which the tubes have been made. 


5. (a) An analysis of either one billet or one tube shall be made from 
each melt of steel. Drillings for analysis shall be taken from several 
points around each tube selected for analysis. When samples for analysis 
are taken from the billet, they shall be taken by drilling parallel to the 
axis at any point midway between the outside and the center of the piece. 
The chemical composition thus determined shall conform to the require- 
ments specified in Section 4 (a). 

(b) If the analysis of one of these test specimens does not conform to 
the requirements specified in Section 4 (a), analysis of each billet or tube 

from the same melt may be made, and all billets or tubes thus aia tii 
with the requirements shall be accepted. 


Tension Test 
6. (a) The material shall conform to the following minimum require- 


ments as to tensile properties: 


Tensile strength, min., lb. per sq. in 
Elongation in 2 in., min., per cent 


(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine, or other approved method. 4 


Flattening Test 

7. (a) For tubes having wall thicknesses! not exceeding 10 per cent 
{ their outside diameters, a section not less than 2} in. in length shall 
stand being flattened between parallel plates until the distance between 
the plates is three times the wall thickness, without cracking or showing 
flaws. 

(b) For tubes having wall thicknesses! exceeding 10 per cent of their 
outside diameters, a section not less than 2} in. in length shall stand being 
flattened between parallel plates until the distance between the plates is 
our times the wall thickness, without cracking or showing flaws. 


Flaring Test 


_ 8A section of tube approximately 4 in. in length shall stand being 
(See Notes 
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flared with a tool having a 60-deg. included angle until the tube at the 
mouth of the flare has been expanded to the following percentages, without 


cracking or showing flaws: 
Ratio oF INsIpE DIAMETER Minimum Expansion 
TO OUTSIDE DIAMETER 


INSIDE DIAMETER, 
PER CENT 


“In determining the ratio of inside diameter to outside diameter, the inside diameter shall be defined 
as the actual “mean inside diameter” of the material tested. (See Notes 1 and 2.) 


Hardness Test 

9. (a) For all grades, a Brinell test shall show a hardness number 
not to exceed 163. 

(b) The hardness test may be made on the tube near the end or ona 
specimen cut from the tube, at the option of the manufacturer. 

(c) In making the Brinell hardness test, reference should be made to 
the Standard Methods of Brinell Hardness Testing of Metallic Materials 


: (A.S.T.M. Designation: E 10) of the American Society for Testing 
Materials.' 


10. (a) Each tube shall be tested at the mill to a hydrostatic pressure 
which shall be determined by the following formula: 
32,000 
where P = the hydrostatic test pressure in pounds per square inch, 
t = the thickness of tube wall in inches,? and 
D = the outside diameter of tube in inches. 
(b) The maximum test pressure shall not exceed 2500 lb. per sq. in. 
for sizes 3 in. or under in outside diameter, nor 4500 lb. per sq. in. for sizes 
over 3 in. in outside diameter. 


P 


Test Specimens 


11. (a) Test specimens shall be taken from the ends of the finished 
tubes before being cut to length. They shall be smooth on the ends and 
free from burrs and flaws. 

B (b) Tension tests, if desirable and practicable, may be made on full 
sections of the tubes up to the capacity of the testing machine. For larger 
size tubes, the tension specimen shall consist of a strip cut longitudinally 
from the tube and not flattened between gage marks. ‘The sides of the 
specimen shall be parallel between gage marks; the width, irrespective 


1 1936 Book of A.S.T.M. Standards, Part I, p. 817. ; : 
8 The term wall thickness shall be defined as the actual mean wall of the material tested. (See Notes! 


and 2.) 
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of the thickness up to and including } in., shall be 1 in.; and the gage 
length shall be 2 in. When the wall thickness exceeds } in., the standard 
AS.T.M. }-in. round tension test specimen may be used. 

(c) For tubes with upset ends, all tests specified in Sections 6, 7 
and 8 shall be made on the plain end tubes, before upsetting, and the hard- 
ness test specified in Section 9 shall be made on the ends, after upsetting. 

(d) All specimens shall be tested at room temperature. 


Number of Tests 


12. (a2) From each group of 100 finished tubes or fraction thereof 
two tubes shall be selected at random for the tension test specified in 
Section 6. 

(b) One flattening and one hardness test specified in Sections 7 and 9 
shall be made on each end of two tubes from each heat-treated lot. A heat- 
treated lot consists of approximately twenty-five tubes. 

(c) Alternative—When specified in the order, the flaring test specified 
in Section 8 may be substituted for the flattening test and shall be made 
upon both ends of each of two tubes from each heat-treated lot together 
with an equivalent number of hardness tests specified in Section 9. 

(d) Each tube shall be —s to the mydeontetic test specified in 
Section 10. 


Retests 

13. (a) When the results of the physical tests of any group or lot do 
not conform to the requirements specified in Sections 6, 7, 8 and 9 (see 
Section 12 (c)), retests may be made on additional tubes of double the 
original number from the same group or lot, each of which shall conform 
to the requirements specified. 

(b) If any tension test specimen shows defective machining or develops 
flaws it may be discarded and another specimen substituted. 

(c) If the elongation of any tension test specimen is less than that 
specified, and any part of the fracture is more than ? in. from the center 
of the gage length as indicated by scribe scratches marked on the speci- 
men before testing, a retest shall be allowed. 


Retreatment 
14. If individual tubes or the tubes selected to represent any group 
or lot fail to meet the test requirements specified in Sections 6, 7, 8 and 


9, the individual tubes or the group or lot represented may be retreated and 
resubmitted for test. Only two reannealing treatments will be permitted. 


Permissible Variations in Dimensions and Weights 


15. (a) Variations in specified diameter, wall thickness, weight, and 


length shall not exceed | the amounts shown in 1 Tables Ito Ill IT. (See Notes 1 
and 2.) 
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(b) When requested by the purchaser, 10 per cent of the finished tubes 
may be weighed individually or in convenient lots. 

(c) Tubes shall be of such diameter that a ring gage approximatel 
1 in. in length with a bore 0.025 in. larger than the specified outside diame ! 
ter will pass over each end for a distance of 8 in. ‘This permissible variation = 
applies also to the ends of upset tubes. 

(d) Permissible variations for hot-rolled tubes shall apply to the upset 
ends of both hot-rolled and cold-drawn tubes. 


TABLE I.—PERMISSIBLE VARIATIONS IN DIMENSIONS AND WEIGHTS OF STILL Tupgs 


Size Permissible Variations 


When Wall Thickness is When Wall Thickness is 
Specified as “ Minimum” Specified as “ Average” 
Outside Cut 
7 Diameter, in. Length, in. | Specified Wall Calculated | Specified Wall Theoretical 
Outside Diameter, in. Thickness, WeightperFoot,| Thickness, |Weight per Foot, 
per cent per cent per cent per cent 


Over | Under Under | Over | Under | Over | Under | Over | Under | Over | ne 


Hor-Rotiep Stitt Tus 


4 or under ai 7 28 3.5 
Over 4 to 7}, inclusive) @ Gi 7 28 3.5 


Coip-Drawn Stitt Tunes* 


4 or under............| 0.015 OL 0 22 0 3.5 5 10 10 3.5 5 
Over 4 to 7}, inclusive) 0.015 ? is 0 22 0 3.5 5 10 10 3.5 j 


@ When cold-drawn tubes as ordered require wall thicknesses 3 in. or over, or an inside diameter 60 per cent or Jes of 
the outside diameter, the permissible variations in wall thickness for hot-rolled tubes shown in the upper table shall apply. 
Finish 

16. (a) Finished tubes shall be reasonably straight ani’ have smooth 
ends, free from burrs. ‘They shall be free from injurious defects and have 
a workmanlike finish. Minor defects may be removed by grinding, pro- 
vided the wall thickness is not decreased to less than that permitted in 
Section 15. 

(6) The normal rotary straightening operation shall be deemed sul- 
ficient to remove scale for inspection. 


Marking 


17. (a) Tubes shall be marked, by paint stenciling, with the name 
or brand of the manufacturer, name and order number of the purchaser, 
grade, size, and hydrostatic test pressure in pounds, and whether hot- 
rolled or cold-drawn. 

_ (6) When required by the purchaser, and if practicable, the melt 
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number and grade of steel shall be stamped on each tube with steel stamps 
not less than 18 in. from one end. 


TABLE II.—PLuG GAGE DIMENSIONS FOR TUBES WITH PLAIN ENDs. 


A plug gage 4 in. in length, with a diameter determined by the proper formula given in this table shall enter each end of 
b tube for a distance of 4 in. 


Hot-Rolled Still Tubes | Cold-Drawn Still Tubes 


Outside Diameter, in. 
Formulas* Formulas 


2t 
en wall thickness i is specified as PG= 077 
Over 4 to 75, inclusive. . .| p 
2 PG=D —0.102 PG=D 0.080 
PG=D—2t—0.077 PG=D—2t—0.0625 
Over 4 to 73, inclusive. ..| PG=D—2t—0.102 PG=D—2t—0.080 


6 Expressions used in formulas are as follows: 
PG = the diameter of plug gage in inches, 
D = the specified outside diameter of tube in inches, and 
t = the specified thickness of tube wall in inches. 


TaBLE III.—PLuG GAGE DIMENSIONS FOR TUBES WITH INTERNAL Upset ENDs. 


For tubes which are upset at the ends, a plug gage with a diameter determined by the proper formula given in this table 
ili enter the upset ends of each tube for a distance equal to the length of the upset. 


Hot-Rolled Still Tubes Cold-Drawn Still Tubes 


Length of 
pset, in. Formulas® Formulas? 


Minimum Wall Average Wall Minimum Wall Average Wall 


render... PG=D-2(~. —0.093 PG=D—2(t4+-U) —0.093 PG=D-2(— +U) -0.093 PG=D—2t+-U) —0.098 
ver 3 to 4, a i 
lusve. || PG=D-2( 
wer 4 to 5 


inclusive... PG=D-2(—. -0.133 PG =D—2(t4+-U) —0.133| PG=D— +U) —0.133 PG=D—2(t4+-U) —0.133 


+U) —0.113| PG =D—2(t+ U)—0.113 U) ~0.113| PG =D—2(t4+-U)—0.113 


* Expressions used in formulas are as follows: 
PG = the diameter of plug gage in inches, 
D = the specified outside diameter of tube in inches, 


= = the specified thickness of tube wall in inches, and 
= the increase in tube wall thickness at upset end in inches, - _ 
2 a 
Inspection 


18. The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. ‘The manufacturer shall afford the inspector, with- 
out charge, all reasonable facilities to satisfy him that the material is 
being furnished in accordance with these specifications. Unless otherwise 
specified, inspection and all tests shall be made at the place of manufacture. 
Certification 

19. When inspection at the place of manufacture has been waived by 
the purchaser, the manufacturer shall furnish, on request, a statement that 


the material has been tested and has met all the requirements of these 
specifications. 
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Rejection 

20. (4) When inspection at place of manufacture has been waived 
any rejection based on tests made in accordance with Section 5 shall be 
reported, by the purchaser, within five working days from receipt of samples 
(6) Tubes which fail in the process of installation shall be set aside 
and the manufacturer notified. 


Rehearing 
21. When inspection at place of manufacture has been waived, sample: 

tested in accordance with Section 5 which represent rejected tubes, shall be 
preserved for two weeks from the date of the test report. In case of dis 


satisfaction with the results of the tests, the manufacturer may make claim 
for a rehearing within that time. 


EXPLANATORY NOTES 
NoTE 1: Average Wall.—When an average wall tube is specified, the theoretical 
weight per foot of the tube is based on the exact specified dimensions. The actual 


wall thickness may vary over and under the specified thickness by certain definite 
amounts. 


For the theoretical weight: W = (D — #)t 10.68 
For the nominal inside diameter: JD = D — 21 


where W = the weight per foot of tube in pounds, 
ID = the inside diameter of tube in inches, 
D = the specified outside diameter of tube in inches, 
t = the specified wall thickness of tube in inches, and 
10.68 = the weight constant. 


The actual weight of finished tubes may vary 5 per cent under or 3.5 per cent 
over the theoretical weight. 


Note 2: Minimum Wall.—When a minimum wall tube is specified, the wall 
thickness shall at no point be less than that specified, but may exceed that thickness 
by a certain definite amount. This necessitates establishing a mean wall dimension 
between the maximum and minimum dimensions. 


For hot-rolled tubes the mean wall thickness = qpecied wall thickness 


0.875 
speci thickness 
For cold-drawn tubes the mean wall thickness = specified war = 
Since the wall thickness of the tube has now been increased it follows that the 
weight per foot has been increased also. 7 


The weight may be determined by the following formulas: 


t t 
For hot-rolled tubes: W = (D 10.68 


t t 
a: W = (D —-——) —— 10.68 
For cold-drawn tubes: W (D 090) 0.90 10.6 


The actual weight of finished tubes may vary 5 per cent under or 3.5 per cent over 
q this calculated weight. 
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The nominal inside diameters of minimum wall tubes may be determined by the 
lowing formulas: 


For hot-rolled tubes: JD = D — 2 


For cold-drawn tubes: JD = D — 2 si 


0.90 


ere W = the weight per foot in pounds, 


ID = the nominal inside diameter of tube in inches, 
D = the specified outside diameter of tube in inches, and 
{ = the specified wall thickness of tube in inches. 
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TENTATIVE SPECIFICATIONS 
FOR 
ALLOY-STEEL BOLTING MATERIALS FOR HIGH- 
TEMPERATURE SERVICE FROM 750 TO 1100 F., 
METAL TEMPERATURES! 
A.S.T.M. Designation: A 193 - 37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


IssuED, 1936; REVISED, 1937.2 


By publication of these specifications, the American Society for Testing Materials does not 

undertake to insure anyone utilizing the specifications against liability for infringement of 

Letters Patent nor assume any such liability, and such publication should not be construed as 
a recommendation of any patented or proprietary application that may be involved. 


1. (a) These specifications cover alloy-steel bolting material for pres- 
sure vessels, valves, flanges and fittings for high-temperature service. The 
term “bolting material” as used in these specifications covers rolled, 
forged or cold-drawn bars, and bolts, screws, and studs. 

(b) Several grades of ferritic and austenitic materials are covered 
which are classified in accordance with their chemical and physical prop- 
erties as specified in Sections 6 and 9 (a) (see Explanatory Note 1). Selec- 
tion from the several steels should be made on the basis of the requirements 
of design, service conditions, physical properties, and high-temperature 
characteristics. 

(c) As these steels are not necessarily all suitable for the full range of 
temperature up to 1100 F., care should be exercised in making the selection 
(see Explanatory Note 2). 

Certification of Test for Bolts, Screws and Studs 


2. When mutually agreed upon in writing between the manufacturer 
and the purchaser, a certification that the material conforms to the require- 
ments of these specifications shall be the basis of acceptance of the material. 
Otherwise, the manufacturer shall report to the purchaser or his representa- 
tive the results of the chemical analyses and physical tests made in accord- 
ance with these specifications. 

Process 


3. The steel shall be made by one or more of the following processes: 
open-hearth, electric-furnace or crucible. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee A-1 on Steel. 


2 Revision accepted by Committee E-10 on Standards, August 26, 1937. - 
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Discard 
4. A sufficient discard shall be made from each ingot to secure freedom _ 


from injurious piping and undue segregation. 


Heat Treatment 


SPECIFICATIONS FOR ALLOY-STEEL BOLTING MATERIAL (A 193 37 T) 617 


5. (a) Ferritic steels shall be properly heat treated. 
for tempering or drawing back shall be at least 100 deg. Fahr. higher than 


the proposed operating temperature to which the material will be subjected _ 


in service. 


The temperature 


(b) For austenitic steels, heat treatment shall consist of allowing the 
material immediately after rolling or forging to cool at a rate sufficiently 
rapid to prevent injury to the material; reheating to the proper temperature 
and holding at that temperature for a sufficient time, followed by rapid 
air cooling or by quenching in a liquid medium. 


Chemical Composition 


6. Each alloy? shall conform to the following requirements as to 
chemical composition, or to other chemical requirements as specified in 


the purchase order: 


Identification Symbol........... B4 B5 B6 B7 Bla Bil 
Nickel- 4to6 13 : Chromium- Tungsten- 
Chromium- per cent per cent Chromium- High- Chromium- 
Molybdenum | Chromium Chromium | Molybdenum | Molybdenum | Vanadium 
Carbon, per cent................| 0.35 t00.45 | 0.35 max. 0.12 max. 0.35 to 0.45 | 0.35 to 0.45 | 0.40 to 0.50 
Manganese, per cent......... 0.50 to 0.80 | 0.30 to 0.50 | 0.60 max. 0.60 to 0.90 | 0.60 to 0.90 | 0.20 to 0.40 
Phosphorus, max., per cent. . 0.04 0.03 0.140° 0.04 0.04 0.04 
Sulfur, max., per cent........... 0.05 0.03 0.500° 0.05 0.05 0.04 
0.50 max. 0.50 max. | 0.15 to 0.25 | 0.15 to 0.25 | 0.15 to 0.30 
Chromium, per cent.............] 0.50 to 0.80 | 4.00 to 6.00 | 11.5 to 13.0 | 0.80 to 1.10 | 0.80 to 1.10 | 1.00 to 1.50 


Molybdenum, per cent 
Tungsten, per cent 
Vanadium, per cent 


0.30 to 0.40 


0.45 to 0.65° 
0.75 to 1.25° 


0.15 to 0.25 


0.45 to 0.65 


1.70 to 2.30 
0.20 to 0.30 


Identification B12 B13 B14 B15 B8 
Tungsten- Chromium- Silicon- 
Nickel- Molybdenum-| Molybdenum-| Chromium- | 1° Chromium 
Chromium Chromium Vanadium | Molybdenum 8 Nickel 
eae: 0.35 to 0.45 | 0.30 to 0.40 | 0.35 to 0.50 | 0.40to 0.50 | 0.07 max. 
Manganese, per cent..............-.-ss00ree-. 0.60 to 0.90 | 0.60 to 0.90 | 0.40 to 0.70 | 0.40 to 0.70 | 0.20 to 0.70 
Phosphorus, max., per cent..............2+..+- 0.04 0.04 0.04 0.03 0.140" 
Sulfur, max., per cent.............++00-.+0eee- 0.05 0.04 0.05 0.03 0.500" 
0.15 to 0.30 | 0.15 to 0.30 | 0.50 to0.80 | 0.75 max. 
Chromium, Re eee ee 0.45 to 0.75 | 0.45 to 0.75 | 0.80 to 1.10 | 1.00 to 1.50 | 17.0 to 20.0 
Molybdenum, per 0.40 to 0.65 | 0.30t0 0.40] 0.40t00.60|  ...... 


0.20 to 0.30 


* As these steels are not necessaril 


in making the selection. 


° Where phosphorus exceeds 0.045 per cent, sulfur shall not exceed 0.050 per cent. 
Where sulfur exceeds 0.050 per cent, phosphorus shall not exceed 0.045 per cent. 


en ese limits of phosphorus and sulfur shall apply unless otherwise specified. 
Either molybdenum or tungsten shall be used as specified. 


y all suitable for the full range of temperature, up to 1100 F., care should be exercised — 
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Ladle Analyses 


7. An analysis of each melt of steel shall be made by the steel manu- 
facturer to determine the percentages of the specified elements present. 
This analysis shall be made from a test ingot taken during the pouring of 
the melt. The chemical composition thus determined shall be reported 


to the purchaser or his representative, and shall conform as specified in 
the purchase order. 


Check Analyses 


8. Analyses may be made by the purchaser from samples representing 
the bolting material. The chemical composition thus determined shall 
conform to the requirements specified. 


Note :- The Gage Lenath, thang”. | Parallel Section | 
Parallel Section, and 
Fillets shall be as 0.0! ——. 
Shown, but the Ends | 
may be of any Shape + 
the Testing Machine ‘Gage Length 
insuchaWay that the fine for Elongation 
load sHall be axial. after Fracture 


_ Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. ‘ 


Physical Properties 


9. (a) Materials shall conform to the following requirements as to 
minimum tensile properties at room temperature after oil quenching and 
drawing as noted in Table I. 

(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine, or by the use of dividers or other 
approved method, at a crosshead speed not to exceed 3 in. per min. Where 
a definite yield point is not exhibited, the yield strength corresponding to 
a limiting permanent set of 0.2 per cent of the gage length of the specimen, 
shall be reported instead. The “offset method” of determining yield 
strength as described in the Standard Methods of Tension Testing of 
Metallic Materials (A.S.T.M. Designation: E 8) of the American Society 
for Testing Materials! shall be followed. ‘The tensile strength shall be 
determined at a crosshead speed not to exceed 1} in. per min. 


Test Specimens 


10. (a) Tension test specimens taken from bar stock, finished bolts 


screws, or studs shall conform to the dimensions shown in Fig. 1. 


11936 Book of A.S.T.M. Standards, Part I, p. 833. 
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TABLE I.—TENSILE REQUIREMENTS FOR ALLOY-STEEL BOLTING. 


Diameter, 
in. 


Minimum 
Draw 
Tempera- 


ture, 
deg. Fahr. 


Tensile 
Strength, 
min., 
Ib. per 
sq. in. 


Yieid 
Point, 
min., 
lb. per 
sq. in. 


Elongation| 
in 2 in., 
min., 
per cent 


Reduction 
of Area, 
min., 
per cent 


Ferritic STEELS 


B4 
ickel-Chromium-Molybdenum......... 


BS 


“4 
4to6 per cent Chromium............. 


B6 
13 per cent Chromium........ 


B7 
Chremium-Molybdenum 


Bla 


romium-High-Molybdenum........... 


Bil 
Tungsten-Chromium-Vanadium 


\ickel-Chromium 


B13 
Tungsten-Molybdenum-Chromium....... 


q 
Chromium-Molybdenum-Vanadium... .. 


ieon-Chromium-M olybdenum 


| 


24 and under 


Over 23 to 4, incl. 


2} and under 


Over 23 to 4, incl. 


2 and under 


Over 23 to 4, incl. 


24 and under 


Over 23 to 4, incl. 


23 and under 


Over 23 to 4, incl. 


23 and under 


Over 2} to 4, incl. 


23 and under 


Over 23 to 4, incl. 


2 and under 


Over 2} to 4, incl. 


23 and under..... 


Over 23 to 4, incl. 


| 


23 and under 


Over 23 to 4, incl. 


1200 


100 000 


155 000 
135 000 
120 000 
145 000 
125 000 
115 000 


120 000 


185 000 
175 000 
160 000 


105 000 
130 000 
115 000 
100 000 


AUSTENITIC STEEL 


Bs 
18 Chromium 
8 Nickel 


All diameters 


2000 F., | 


water 
quench 


“Special normalizing treatment required. 


ig : 
7) 
of 
ed 1000 | 160000 | 135000 14 45 : 
: en: 1100 140000 | 120000 15 50 ; 
In 1200 125000 | 105000 16 50 
1000 155000 | 130000 14 45 
Po 1100 135000 | 115000 15 50 
1200 120000 | 100000 16 50 
1000 120000 | 95000 15 45 
1100 | 110000 | 90000,| 16 50 
ng 1200 100000 | 85000 17 55 
1000 105000 | 85000 15 45 
all Po 1100 | 100000 | 80000 16 50 
1200 95000 | 75000 17 55 : 
1000 150000 | 125000 13 45 
I: 1100 120000 | 100000 15 50 : 
ee 1200 105 000 85 000 17 55 
Si: 1000 140000 | 120000 13 45 
|| 1100 115000 | 95000 15 50 : 
1200 100000 | 80000 17 55 
1000 135000 | 115000 15 50 
1100 125000 | 105000 16 50 
ie 1200 105000 | 90000 17 55 
1000 125000 | 105000 15 a 
' iii” 1100 115 000 95 000 16 55 ; 
1200 105000 | 85000 17 55 
1000 135900 | 115000 15 50 
1100 | 125000 | 105000 16 50 
1200 | 105000 | 90000 | 17 55 
1000 125000 | 105000 15 50 
P| 1100 115000 | 95000 16 55 
1200 105000 | 85000 17 55 : 
1000 | 210000 | 190000 11 35 
1100 | 205000 | 180000 12 35 
oe 1200 185000 | 165 13 40 
1000 205 900 10 35 
Po 1100 200 000 il 35 
1200 180 000 12 400 
1000 | 125000 | 105000 16 
B12 a: 1100 115 000 95 000 17 50 
d 1200 | 105000 | 5000 | 18 55 
1000 120 000 100 000 16 50 
PY 1100 110000 | 90000 17 50 
1200 | (80 000 18 55 
1000 130 000 14 45 : 
1100 115 000 15 50 
‘ 1200 100 000 16 55 
re 1000 120 000 14 45 
0 1200 95 000 16 55 
1, 1000 | 120000 14 45 
d Po 1100 135000 | 115000 15 45 . 
1200 125000 | 105000 16 50 
1000 | 160000 | 135000 4 
1100 140000 | 120000 15 50 
| 1200 | 1250 | 
1000 155 06 14 45 
PF 1100 135 Of 15 45 
| | | 16 50 
; 
| | | 
| | 75.000 | 30 000 | 35 50 
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(b) In the case of small sections which will not permit of taking th 

standard tension test specimen specified in Paragraph (a), the tension tes 
: specimen shall be as large as feasible and its dimensions shall be proportional 
to those shown in Fig. 1. The gage length for measuring elongation shall 
be four times the diameter of the specimen. 

(c) Specimens for tension tests shall be taken longitudinally. For 
sizes under 1} in. in diameter, the full section shall be turned to conform 
to requirements specified in Paragraph (a). For sizes 14 in. and larger, 
the specimen shall be taken half-way between the center and surface. 


Number of Tests 


11. (a) For bars, one tension test shall be made from each tempering 
charge. If more than one quenching charge is represented in a tempering 
charge, one tension test shall be made from each quenching charge. If 

; more than one melt is represented in a quenching charge, one tension 
test shall be made from each melt. 

(b) Except as specified in Paragraph (c), one tension test shall be made 
for each lot of 300 pieces or fraction thereof of bolts, screws and studs for 
sizes up to and including 2} in. in diameter; or for each lot of 100 pieces 
or fraction thereof for sizes over 2} in. 

(c) Unless required on the order, tension tests shall not be made on an 
order of less quantity than specified in Paragraph (6); in which case accept- 
ance shall be based upon the provisions in Section 2 or 3. 

(d) If any test specimen shows defective machining or develops flaws, 
it may be discarded and another specimen substituted. 

(e) If the percentage of elongation of any tension test specimen is less 
than that specified in Section 10 (a) and any part of the fracture is more 
than { in. from the center of the gage length, as indicated by scribe scratches 
marked on the specimen before testing, a retest shall be allowed. = i 
Retest 


12. If the results of the physical tests of any test lot do not conform 
to the requirements specified, the manufacturer may retreat such lot not 
more than twice, in which case two additional tension tests shall be made 
from such lot, all of which shall conform to the requirements specified. : 


Threads 
13. (a) The threads on bolts, screws, and studs shall be in accordance 
with the American Standard for Screw Threads. (A.S.A. No.: B1. 1-1935.) 
(b) Where practical, all threads shall be formed after heat treatment. 
Finish 
14. Bolts, screws, and studs shall be pointed and shall have a work- 
manlike finish. 
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Marking 

15. The serial marking for identification of material and the manu- 
facturer’s identification mark shall be stamped on the top of the head‘of 
bolts and screws, and on one end of studs. The identification symbol shall 
be as shown in Section 6. 


Inspection 
16. The inspector representing the purchaser shall have free entry at 
all times, while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
the bolts, screws and studs ordered. ‘The manufacturer shall afford the 
inspector, without charge, all reasonable facilities to satisfy him that the 
bolts, screws, and studs are being furnished in accordance with these speci- 
fications. All tests (except check analysis) and inspection shall be made 
at the place of manufacture prior to shipment, unless otherwise specified, 
and shall be so conducted as not to interfere unnecessarily with the opera- 
tion of the works. 


17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 9 shall be reported within five working days 
from the receipt of samples. 


(6) Bolts, screws, or studs which show injurious defects subsequent to 
their acceptance at the manufacturer’s works will be rejected and the 
manufacturer will be notified. '- 

a 
Rehearing 

18. Samples tested in accordance with Section 9 which represent 
rejected bolts, screws or studs shall be preserved for two wecks from the 
date of the test report. In case of dissatisfaction with the results of the 
test, the manufacturer may make claim for a hearing within that time. 


EXPLANATORY NQTES 


Norr 1.—The subcommittee formulating these specifications has included several 
grades of material that have been rather extensively used. Upon agreement between 
the purchaser and the manufacturer, other grades of material may be employed, 
provided they otherwise meet the requirements of these specifications. Other com- 
positions will be considered for inclusion in the specifications by the committee from 
time to time as the need becomes apparent. 


Nore 2.—High-temperature properties, when it is desired that they be indicated 
or specified, shall be a matter of agreement between the purchaser and the manu- 
‘acturer. No high-temperature tests shall be required on the materials selected 
unless made a matter of agreement between the purchaser and the manufacturer. 
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TENTATIVE SPECIFICATIONS 
FOR 
SEAMLESS ALLOY-STEEL PIPE FOR SERVICE AT 
TEMPERATURES FROM 750 TO 1100 F.' 


A.S.T.M. Designation: A 158 - 37 T _ 


This is a Tentative Standard and under the Regulations of the Society is sub- 
ject to annual revision. Suggestions for revision should be addressed to the Head. 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1934; ADOPTED IN AMENDED ForM, 1936; REISSUED As 
TENTATIVE, 1937.2 


By publication of these specifications, the American Society for Testing Materials does not 
undertake to insure anyone utilizing the specifications against liability for infringement of 
Letters Patent nor assume any such liability, and such publication should not be construed as 

a recommendation of any patented or proprietary application that may be involved. 
Scope 

1. (a) These specifications are intended as a general guide for the 
purchase of alloy-steel pipe and to serve as a basis for agreement 
between the purchaser and the manufacturer as to details not speci- 
fically covered. 

(b) These specifications cover seamless alloy-stcel pipe intended 
for service at metal temperatures from 750 to 1100 F.; both ferritic 
and austenitic steels, designated P 3a, P 6, etc., are included (see 
Explanatory Note 1). The maximum temperature at which the pipe 
will be operated in service shall be stated in the purchase order. 
Choice from the respective steels should be made on the basis of the 
requirements of design, service conditions, and the physical properties 
(see Explanatory Note 2). 

(c) Supplementary requirements (Paragraphs S1 to S6) of an 
optional nature are provided for pipe intended for use in central 
stations having steam service pressures of 400 lb. per sq. in. or over 
and temperatures up to 1100 F., or other applications where a superior 
grade of pipe is required. These supplementary requirements call 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee A-1 on Steel. 

These specifications, together with the Tentative Specifications for Seamless Carbon-Molybdenum 
Alloy-Steel Pipe for Service at Temperatures from 750 to 1000 F. (A.S.T.M. Designation: A 206 - 
37 T), see p. 633, are in effect a revision of, and replace the former Standard Specifications for Seamless 
Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F. (A.S.T.M. Designation: A 158 - 36), 
which standard was accordingly discontinued in 1937. 

a Accepted for publication as tentative by Committee E-10 on Standards, August 26, i937. 


(622) 


| 
1 
&g 
| = 


SPECIFICATIONS FOR ALLOY-STEEL PipE (A 158 — 37 T) 623 


for additional tests to be made at the expense of the purchaser, and 
when desired shall be so stated in the order. 


Certification 

2. Where mutually agreed upon in writing between the manu- — 
facturer and the purchaser, a certification that the material conforms 
to the requirements of these specifications shall be the basis of accept- 
ance of the material. Otherwise, the manufacturer shall report to 
the purchaser or his representative the results of the chemical analyses 
and physical tests made in accordance with these specifications. 


Process 


3. (a) The steel shall be made by either or both of the following — 
processes: open-hearth or electric-furnace. 

(b) Unless otherwise specified, all pipe 2 in. and over in nominal 
diameter shall be furnished hot-finished followed by the eaten 
specified in Section 5. 

(c) Unless otherwise specified, pipe under 2 in. in nominal | 
diameter may be furnished either hot-finished or cold-drawn, with, 
where necessary, a suitable manufacturer’s finishing treatment. 

Discard 
4. Sufficient discard shall be made from each ingot to secure | 


freedom from injurious piping and undue segregation. an 
Heat Treatment 


5. (a) All ferritic steels covered in Section 3 other than Grade 
P 5c shall be reheated and furnished in a full-annealed or normalized 
and drawn condition as stated in the purchase order. If furnished 
in the normalized and drawn condition, the temperature for drawing 
shall be at least 200 F. above the service temperature as given in the 
purchase order (Note 1). 

(b) Grade P 5c steel, unless otherwise specified, shall be treated 
by heating to approximately 1350 F. for a proper time, followed by 
air or furnace cooling. 

(c) All austenitic steels shall be heat treated (Note 2) according 
to present accepted practice. 


Note 1.—Certain of the ferritic steels covered by these specifications will 
harden if cooled rapidly from above their critical temperature. Some will air 
harden, that is, become hardened to an undesirable degree when cooled in air from 
high temperatures, particularly the 4 to 6 per cent chromium steels, P 5. Therefore, 
operations involving heating such steels above their critical temperatures, such as 
welding, flanging and hot bending, should be followed by suitable heat treatment. 

Note 2.—Fabricating operations involving upsetting, flanging, bending, and 
forming often make retreating desirable to insure adequate corrosion resistance, 
depending upon service conditions. 
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6. Each alloy? shall conform to the following requirements as to 
chemical composition,’ or to other chemical composition requirements 


as specified in the purchase order: 


Ferritic Steels 


Identification Symbol 


P 3a P 3b P 5b P 5c P6 
4 to 6 per cent 
Chromium- | Chromium- Molybdenum 13 per cent 
itanium or 
Molybdenum Columbium 
Carbon, per cent.............. 0.15 max. 0.15 max. |0.15max.or| 0.15 max. } As specified 0.10 or 0.12 max. 
0.20 max. 0.15 max. 
Manganese, per cent.......... 0.40 to 0.60 | 0.30 t0 0.60} 0.50 max. | 0.30 max. 0.50 max. 0.50 max. 
Phosphorus, max., per cent..... 0.04 0.03 0.03 0.03 0.03 0.03 
Sulfur, max., per cent........ 0.05 0.03 0.03 0.03 0.03 0.03 
Silicon, per cent......cccccees 0.45 to0.75| 0.50 max. 0.50 max. | 1.00 to 2.00 0.50 max 0.50 max 
Chromium, per cent........... 1.50 to 2.00 | 1.75 to 2.25 | 4.00 to 6.00 | 4.00 to 6.00 4.00 to 6.00 12.00 to 15.00 
Molybdenum, per cent........ 0.60 to 0.80 | 0.45 to 0.65 |0.45 to 0.65%] 0.45 to 0.65 @.45706.66 Enea. 
or Columbium . 


Ferritic Steels 


Austenitic Steels 


Pil 


P15 


P 8b 


Chromium- 
Molybdenum 


Carbon, max., per cent 
Manganese, per cent........ 


Phosphorus, per 
Sulfur, per cent. 
Silicon, per cent 


Nickel, per cent 
Chromium, per cent 
Molybdenum, per cent 
Tungsten, per cent 


Titanium 


0.15 
0.30 to 0.60 
0.04 
0.05 
0.50 to 1.00 


Silicon- 18 Chromium- 
Molybdenum 8 Nickel 
0.15 0.07 
0.30 max. 0.20 to 0.70 
0.04 0.03 
0.045 0.03 


1.15 to 1.65 


0.75 max. 
8.00 to 10.00 
17.00 to 20.00 


18 Chromium 
10 Nickel 
Stabilized with 
Titanium or 
Columbium 


0.50 max. 
9.00 to 12.00 
17.00 to 19.00 


0.35 min. 
8 times carbon 


content, min. 


18 Chromium 
8 Nickel 
2 Silicon 
0.25 
0.50 to 0.70 
0.03 
0.03 
1.00 to 3.00 
8.00 to 10.00 
17.00 to 19.00 


Ladle A 


@ Wither molybdenum or tungsten shall be used. 
Grade was formerly designated P13. 


nalysis 


7. A ladle analysis of each melt of steel shall be made by the steel 


manufacturer. 


The chemical composition thus determined, or that 


1 When material is ordered for welding fabrication, chemical and physical requirements shall be 
a matter of agreement between the purchaser and the manufacturer. . 
2 Alloys have been numbered so that similar alloys in the corresponding specifications for forgings, 


castings, and bolting will bear the same number for alloys numbered 10 or below. 


No alloys P 4, P7 


or P 10 are included herein as the particular compositions corresponding to these numbers are not 
included in these specifications. 


_ 8 The list is incomplete and will be reviewed annually and revised promptly when necessary. 
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determined from a check analysis made by the pipe manufacturer, if 
the latter has not manufactured the steel, shall be reported to the 
purchaser or his representative and shall conform to the requirements 
specified in Section 6. 


Check Analysis 


- 


8. (a) At the request of the purchaser’s inspector, analyses as 
specified below shall be made by the manufacturer from the finished 
pipe and shall conform to the requirements specified in Section 6: 


NoMINAL DIAMETER Numer oF Pipes SELECTED 


Under 2 in 2 pipes from each lot of 400 lengths or fraction thereof 
2 to 5 in. inclusive 2 pipes from each lot of 200 lengths or fraction thereof 
6 in. and over 2 pipes from each lot of 100 lengths or fraction thereof 


his representative and shall conform to the requirements specified in 
Section 6. 

(6) Drillings for analysis from pipe shall be taken from several 
points around each pipe selected for analysis. Drillings for analysis 
from billets shall be taken at a point midway between the outside 
and center of the billet by drilling parallel to the axis. 

(c) If the analysis of one of the tests specified in Section 7 or 
8 (a) does not conform to the requirements specified in Section 6, 
analysis of each billet or pipe from the same heat or lot may be made, 
and all billets or pipe conforming to the requirements shall be accepted. 


Tension Tests 


Results of these analyses shall be reported to the purchaser . 


9. (a) The material shall conform to the following minimum 
requirements as to tensile properties! at room temperature: 


Ferritic STEELS AUSTENITIC STEELS 
Tensile strength, min., lb. per sq. in 60 0002 75 000° 
Yield point, min., lb. per sq. in.: 
Fully annealed 
Normalized and drawn 
Rapidly air-cooled or quenched 
Elongation in 2 in., min., per cent 


* For transverse tension tests the material shall conform to these minimum tensile requirements 


except that the elongation in 2 in. shall be 25 per cent for the ferritic steels and 40 per cent for the 
austenitic steels. 


(6) The yield point shall be determined by the drop of the beam 


or halt in the gage of the testing machine, or by the use of dividers or 


1 When material is ordered for welding fabrication, chemical and physical requirements shall be 
matter of agreement between the purchaser and the manufacturer. 
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other approved method, at a cross head speed not to exceed } in. per 
min. Where a definite yield point is not exhibited, the yield strength, 
corresponding to a limiting permanent set of 0.2 per cent of the 
gage length of the specimen, shall be reported instead. The “ofiset 
method” of determining yield strength as described in the Standard 
Methods of Tension Testing of Metallic Materials (A.S.T.M. Designa- 


_ tion: E 8) of the American Society for Testing Materials! shall be 


followed. ‘The tensile strength shall be determined at a crosshead 
speed not to exceed 14 in. per minute. OS 


Hydrostatic Tests 

10. (a) Unless otherwise mutually agreed upon between the 
manufacturer and the purchaser, each length of pipe shall be tested by 
the manufacturer to a hydrostatic pressure which will produce in the 


_ pipe wall a stress of 50 per cent of the minimum specified yield point 


at room temperature. ‘This pressure shall be determined by the 
formula: 


2St 


the minimum hydrostatic test pressure in pounds per 
square inch, 

S = 0.50 times the minimum specified yield point at room 
temperature in pounds per square inch, OO 

the nominal wall thickness in inches, and 

D = the outside diameter in inches. 


(b) The maximum hydrostatic test pressure shall not exceed 
2500 lb. per sq. in. for sizes 3 in. or under in outside diameter, nor 
4500 lb. per sq. in. for sizes over 3 in. to but not including 8} in. in 
outside diameter, and 3000 lb. per sq. in. for all sizes 83 in. or over in 
outside diameter. The hydrostatic pressure shall be maintained for 
not less than 5 sec. 


Flattening Tests 


11. For pipe over 2 in. in nominal diameter, a section of pipe not 
less than 2} in. in length shall be flattened between parallel plates 
until the opposite walls of the pipe meet. No cracks or breaks in 
the metal shall occur until the distance between the plates is less 
than one half the outside diameter of the pipe, but in no case less than 
seven times the thickness of the pipe wall. Evidence of laminations 
or burnt material shall not develop during the - entire flattening 
process. 


11936 Book of A.S.T.M. Standards, Part I, p. 833. 
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Bend Tests 

12. For pipe 2 in. or under in nominal diameter, a sufficient 
length of pipe shall stand being bent cold through 90 deg. around a 
cylindrical mandrel, the diameter of which is twelve times the nominal 
diameter of the pipe, without developing cracks. When ordered for 
close coiling, the pipe shall stand being bent cold through 180 deg. 
around a cylindrical mandrel, the diameter of which is eight times the 


nominal diameter of the pipe, without failure. x | 
Test Specimens 


13. (a) Specimens cut either longitudinally or transversely shall 4 


be acceptable for tension tests. 

(6) Longitudinal tension tests may be made in full section of the 
pipe up to the capacity of the testing machine. For larger sizes, the 
tension test specimens shall consist of strips cut from the pipe. The 
width of these specimens shall be 14 in. and shall have a gage length 
of 2in. When the pipe wall thickness exceeds ? in., the A.S.T.M. 
standard 0.505-in. round specimen shall be used (Note). Longitudinal 
tension specimens shall not be flattened between gage marks. The 
sides of specimens shall be parallel between gage marks. 

(c) The transverse tension test may be made on pipe 8 in. and 
over in nominal diameter. Specimens may be taken from a ring cut 
from the pipe or from sections resulting from the flattening tests. 
The specimen shall consist of a strip cut transversely from the pipe; 
the width of the specimen shall be 13 in. and its gage length 2 in. 
When the pipe wall thickness exceeds ? in., the A.S.T.M. standard 
0.505-in. round specimen shall be used (Note). Specimens shall be 
flattened hot and heat treated in the same manner as the pipe, and 
shall be parallel between gage marks. At the option of the manu- 
facturer, the transverse tension test specimen may be machined off 


on either surface provided not over 15 per cent of the nominal thickness _ 


is removed from either side. 

Note.—The standard tension test specimens are described in the Standard 
Methods of Tension Testing of Metallic Materials (A.S.T.M. Designation: E 8) 
of the American Society for Testing Materials. 


(d) Test specimens for flattening and bend tests shall consist of 


sections cut from a pipe. Specimens for flattening tests shall be — 


smooth on the ends and free from burrs, except when made on crop 
ends, 


(e) All routine check tests shall be made at room temperature. 


' 1936 Book of A.S.T.M. Standards, Part I, p. 833. Oe 
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Number of Tests 


14. (a) Tests shall be made as follows on one pipe from each 
heat-treated lot, but in no case on less than 5 per cent of the pipe 
ordered. Results of these tests shall be reported to the purchaser or 
his representative: 

One transverse or longitudinal tension test specified in Section 9. 

The flattening test specified in Section 11 for pipe over 2 in. in 

nominal diameter. 
_ The bend test specified in Section 12 for pipe 2 in. or under in 
nominal diameter. 

(b) For material heat treated by the continuous process, the tests 
specified in Paragraph (a) shall be made on each pipe in a lot con- 
stituting 5 per cent of the pipe ordered, but on not less than two pipes. 

(c) Each length of pipe shall be subjected to the hydrostatic 
test specified in Section 10. 


Retests 


15. (a) If the results of any physical tests of any lot do not 
conform to the requirements specified in Sections 9, 11, or 12, retests 
shall be made on additional pipes of double the original number from 
the same lot, each of which shall conform to the requirements 
specified. 

(b) If the percentage of elongation of any tension test specimen 
is less than that specified and any part of the fracture is more than 
? in. from the center of the gage length of the specimen, as indicated 
by scribe scratches marked on the specimen before testing, a retest 
shall be allowed. If a specimen breaks in an inside or outside surface 
flaw, a retest shall be allowed. 

(c) If any specimen shows defective machining or develops flaws, 
it may be discarded and another specimen substituted. 

Retreatment 

16. If individual lengths of pipe selected to represent any lot 
fail to meet the test requirements specified in Sections 9, 11, or 12, 
the lot may be heat treated again and resubmitted for test, except 


that any individual lengths which meet the test requirements before 
retreating will be acceptable. 


Permissible Variations in Weight and 

Dimensions 

17. (a) Weight—The weight of any length of pipe in sizes up 
to and including 12 in. shall not vary more than 3.5 per cent under 
and 6.5 per cent over that specified. For sizes over 12 in. the weight 
of any length shall not vary more than 5 per cent under and 10 per 


on 

4 
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cent over that specified. Unless otherwise mutually agreed upon 
between the manufacturer and the purchaser, pipe in sizes smaller 
than 4 in. may be weighed in convenient lots; pipe in sizes 4 in. and 
larger shall be weighed separately. 
(b) Diameter.—Variations in outside diameter shall not exceed 2 
those shown in the following table: 
PERMISSIBLE VARIATIONS IN OUTSIDE DIAMETERS q 


Nomina DIAMETER UNDER 


} to 1} in., inclusive in. (0.031 in.) #z in. (0.015 in.) | 

2 to 4 in., inclusive in. (0.031 in.) Hy in. (0.031 in.) — 
5 to 8 in., inclusive in. (0.031 in.) Ys in. (0.062 in.) 

10 to 18 in., inclusive in. (0.031 in.) #z in. (0.093 in.) 
20 to 24 in., inclusive in. (0.031 in.) $ in. (0.125 in.) © 


(c) Thickness——The minimum wall thickness at any point shall 
not be more than 12.5 per cent under the nominal wall thickness 
specified. 

(d) Length.—Pipe lengths shall be in accordance with the follow- 
ing regular practice: 


The lengths required shall be specified in the order. No 
pipe shall be under the specified length and not more than , 
in. over that specified. 


No jointers are permitted unless otherwise specified. _ 


Ends 


18. Unless otherwise specified, pipe shall be furnished with plain — 
ends. All burrs at the ends of the pipe shall be removed. . 


Finish 


19. (2) The finished pipe shall be reasonably straight ond free 
from injurious defects, and shall have a workmanlike finish. 


Depth of Injurious Defects 


(b) When the depth of defect in the pipe encroaches on the 
minimum wall thickness (87.5 per cent of the nominal thickness), or 
isin excess of 12.5 per cent of the nominal wall thickness, such defects 
shall be considered injurious. 


Machining or Grinding Defects 


(c) Pipe showing moderate slivers may be machined or ground 
inside or outside to a depth which shall insure the removal of all 
included scale and slivers, providing the wall thickness is not reduced 
below the minimum wall thickness required in these specifications. 
Machining or grinding shall follow inspection of the pipe as rolled, 
and shall be followed by supplementary visual inspection. 
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Repair by Welding 

(d) Repair of injurious defects shall be permitted only subject 
to the approval of the purchaser and with the further understanding 
that the composition of the welding rod shall be suitable for the com- 
position of the metal being welded. Welding of injurious defects in 
no case shall be permitted when the depth of defect exceeds 33} per 
cent of the nominal pipe wall thickness or the length of repair 
exceeds 25 per cent of the nominal diameter of the pipe. Defects 
shall be thoroughly chipped out before welding, and then heat treated 
in accordance with Section 5. Each length of repaired pipe shall be 
retested hydrostatically in accordance with Section 10. 
Marking 

20. Each length of pipe manufactured in accordance with these 
specifications shall be legibly marked, either by stenciling, stamping, 
or rolling, with the manufacturer’s private identifying mark, together 
with the symbols A 158 and the alloy symbol (as A 158-— P6) and 
an additional S if pipe meets the supplementary requirements speci- 
fied in Paragraphs $1 to $7. Marking shall be within 12 in. of one 
end of each length. On pipe sizes 4 in. and larger, the weight shall 
be given. On small diameter pipe which is bundled, the above infor- 
mation may be legibly stamped on a metal tag securely attached to 
each bundle. When pipe marked as specified in this section is re- 
jected, the designation A 158 shall be canceled. 


Inspection 

21. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the pipe ordered. The manufacturer shall 
afford the inspector, without charge, all reasonable facilities to satisfy 
him that the pipe is being furnished in accordance with these speci- 
fications. All tests and inspection shall be made at the place of 
manufacture prior to shipment and at the manufacturer’s expense, 
unless otherwise specified, and shall be so conducted as not to inter- 
fere unnecessarily with the operation of the works. BS 


Rejection 7 


22. Each length of pipe which develops injurious defects in shop 
working or application shall be rejected, and the manufacturer shall 
be notified. No rejections under these or any other specifications, 
shall be marked as specified in Section 20 for sale under these speci- 
fications except where such pipe fails to comply with the weight 
requirements alone, in which case it may be sold under the weight 
specifications with which it does comply. 


| 
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SUPPLEMENTARY REQUIREMENTS FOR SEAMLESS PIPE FOR 
USE IN CENTRAL STATIONS AT PRESSURES OF 400 LB. PER 
SQ. IN., OR OVER, AND TEMPERATURES OF 750 F. TO 1100 F., 
OTHER APPLICATIONS WHERE A SUPERIOR GRADE 
OF PIPE IS REQUIRED 


Si. These requirements shall not be considered unless specified 
in the order, in which event the supplementary tests shall be made 
at the mill, unless otherwise agreed upon, at the purchaser’s expense 
and witnessed by his inspector before shipment of the material. 


Check Analysis 


$2. Check analysis may be made on any length of pipe. Indi- 
vidual lengths failing to meet the chemical requirements specified in 
Section 6 shall be rejected. 


Transverse Tension Tests 


S3. Transverse tension tests may be made on specimens from > 
both ends of each length of pipe. If the specimen from either end of 
any length fails to meet the physical properties specified in Section 9, 
that length shall be rejected. 


Flattening Tests 


$4. The flattening tests specified in Section 11 may be made on 
specimens from both ends of each length of pipe. Crop ends may be 
used. If the specimen from either end of any length fails to meet 
the specified requirements, that length shall be rejected. 


Finish and Metal Structure 


S5. The finished pipe shall be free from all immoderate slivers 
and depressions. ‘The steel shall have a homogeneous structure as 
shown by the etching test in Paragraph S6. 


Etching Tests 


S6. Etching tests! may be made on sections from any pipe, and 
shall show sound and reasonably uniform material, free from injurious 
laminations, cracks and similar objectionable defects. Sections used 
for the flattening tests described in Section 11 may be used for the 
etching test. If the specimen from any length shows objectionable 
defects, that length may be rejected. 


i. Pending development of etching methods applicable to the product covered by these specificas 
tions, it is recommended the Tentative Recommended Practice for a Macro-Etch Test for Steel 
described in the National Metals Handbook, Am. Soc. for Metals, 1936 edition, p. 573, be followed. 
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Rejection 


S7. At the purchaser’s discretion, if 10 per cent of the pipe in 
any one lot fail to conform to the requirements of Paragraphs S2 to S6, 
the entire lot may be rejected. Rejection of a lot shall be based on 
tests from not less than two pipes. A lot shall consist of all the pipe 
bought by a purchaser of the same size and wall thickness from any 


EXPLANATORY NOTES 


_ Note 1.—The subcommittee formulating these specifications has included 
several classes of material that have been rather extensively used. Upon 
mutual agreement between the manufacturer and the purchaser, other classes of 
material may be employed, provided they otherwise meet the requirements of 
these specifications. Other compositions will be considered for inclusion in 
these specifications by the committee from time to time as the need becomes 
apparent. 

Note 2.—Pending the incorporation of high-temperature data in an appen- 
dix, which it is the purpose in due time to add, high-temperature properties, 
when it is desired that the same be indicated or specified, shall be a matter of 
agreement between the manufacturer and the purchaser. No high-temperature 
tests shall be required on the materials selected unless a matter of agreement 
between the manufacturer and the purchaser. When required, the short-time 
tests at elevated temperature shall be in accordance with the Tentative Method 
of Test for Short-Time High-Temperature Tension Tests of Metallic Materials 
(A.S.T.M. Designation: E 21 - 37 T)! and the creep tests shall be in accordance 
_ with the Tentative Method of Test for Long-Time (Creep) High-Temperature 
Tension Tests of Metallic Materials (A.S.T.M. Designation: E 22-35 T)*of 
the American Society for Testing Materials. 


1See p. 1290. 


2 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I p. 1291 (1935); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 1544. 


| 
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FOR 


SEAMLESS CARBON-MOLYBDENUM ALLOY-STEEL PIPE FOR 
SERVICE AT TEMPERATURES FROM 750 TO 1000 F.! 
A.S.T.M. Designation: A 206 - 37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937.2 


Scope 
1. (a) These specifications cover seamless carbon-molybdenum alloy- _ 


steel pipe intended for service at metal temperatures from 750 to 1000 F. 
The maximum temperature at which the pipe will be operated in service 
shall be stated in the purchase order (see Explanatory Note). Pipe ordered 
under these specifications shall be suitable for bending, flanging (vanstoning), 
and similar forming operations, and for fusion welding. 

(b) Supplementary requirements (Paragraphs S1 to S6) of an optional 
nature are provided for pipe intended for use in central stations having 
steam service pressures of 400 lb. per sq. in. or over and temperatures up 
to 1000 F., or other applications where a superior grade of pipe is required. _ 
These supplementary requirements call for additional tests to be made at 
the expense of the purchaser, and when desired shall be so stated in the order, — 
Certification 

2. Where mutually agreed upon in writing between the manufacturer 
and the purchaser, a certification that the material conforms to the require- ' 
ments of these specifications shall be the basis of acceptance of the material. 
Otherwise, the manufacturer shall report to the purchaser or his representa- 
tative the results of the chemical analyses and physical tests made in © 
accordance with these specifications. .. 


_ !Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee A-1 on Steel. 
F These specifications, together with the Tentative Specifications for Seamless Alloy-Steel Pipe for Service 
at Temperatures from 750 to 1100 F. (A.S.T.M. Designation: A 158 — 37 T), see p. 622, are in effect a revision 
of, and replace the former Standard Specifications for Seamless Alloy-Steel Pipe for Service at Temperatures 
‘rom 750 to 1100 F. (A.S.T.M. Designation: A 158 — 36), which standard was accordingly discontinued in 1937. 
* Accepted for publication as tentative by Committee E-10 on Standards, August 26, 1937. 
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a Process 


3. (a) The steel shall be made by either or both of the following 
_ processes: open-hearth or electric-furnace. 
(b) Unless otherwise specified, all pipe 2 in. and over in nominal 
diameter shall be furnished hot-finished followed by the treatment specified 
in Section 5. 
(c) Unless otherwise specified, pipe under 2 in. in nominal diameter 
may be furnished either hot-finished or cold-drawn, with, where necessary, a 


suitable manufacturer’s finishing treatment. 
Discard 


4. Sufficient discard shall be made from each ingot to secure freedom 


_ from injurious piping and undue segregation. a 
4 Heat Treatment 


5. The finished pipe shall be furnished in the normalized and drawn 
condition unless otherwise specified in the purchase order. Normalizing 
shall consist of reheating the finished pipe to 1650 F. and cooling in still air 
to 800 F. or below. Drawing shall consist of reheating the normalized pipe 

_ to 1200 F. and allowing to cool slowly in still air. 


Chemical Composition 


6. The steel shall conform to the following requirements as to 
chemical composition : 


0.30 to 0.60 
Phosphorus, max., per cent.................... 0.04 
0.05 
Molybdenum, per 0.45 to 0.65 


* The similar alloy in the corresponding specifications for alloy-steel forgings and castings bears the number 
F 1 and C 1, respectively. 


Ladle Analysis 


7. A ladle analysis of each melt of steel shall be made by the steel 
manufacturer. The chemical composition thus determined, or that deter- 
mined from a check analysis made by the pipe manufacturer, if the latter 

_ has not manufactured the steel, shall be reported to the purchaser or his 
_ representative and shall conform to the requirements specified in Section 6. 


_ Check Analysis 

8. (a) At the request of the purchaser’s inspector, analyses as specified 
below shall be made by the manufacturer from the finished pipe and shall 
conform to the requirements specified in Section 6: 
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NominaL DIAMETER NuMBER OF Pipe SELECTED 


Under 2 in 2 pipes from each lot of 400 lengths or fraction thereof 
2to 5 in., inclusive 2 pipes from each lot of 200 lengths or fraction thereof 
éin. and over 2 pipes from each lot of 100 lengths or fraction thereof 


Results of these analyses shall be reported to the purchaser or his 
representative and shall conform to the requirements specified in Section 6. 
(b) Drilling for analysis from pipe shall be taken from several points 
around each pipe selected for analysis. Drillings for analysis from billets 
shall be taken at a point midway between the outside and center of the 
billet by drilling parallel to the axis. 
(c) If the analysis of one of the tests specified in Section 7 or Paragraph 
1) of this section does not conform to the requirements specified in Section 6, 
analysis of each billet or pipe from the same heat or lot may be made, and all 
billets or pipe conforming to the requirements shall be accepted. — 


Tension Tests 


9. (2) The material shall conform to the following minimum require- 
ments as to tensile properties* at room temperature: 
Tensile strength, min., lb. per sq. in 


Yield point, min., lb. per sq. in 
Elongation in 2 in., min., per cent 


* For transverse tension tests the material shall conform to these minimum tensile requirements except 
that the elongation in 2 in. shall be 25 per cent. 


(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine, or by the use of dividers or other 
ipproved method, at a crosshead speed not to exceed } in. permin. Wherea 
definite yield point is not exhibited, the yield strength, corresponding to a 
limiting permanent set of 0.2 per cent of the gage length of the specimen, 
shall be reported instead. The -‘‘offset method’’ of determining yield 
strength as described in the Standard Methods of Tension Testing of 
Metallic Materials (A.S.T.M. Designation: E 8) of the American Society 
lor Testing Materials! shall be followed. ‘The tensile strength shall be 
determined at a crosshead speed not to exceed 1} in. permin. _ f 


steel Hydrostatic Tests 
deter- 


latter 
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number 


10. (2) Unless otherwise mutually agreed upon between the manu- 
facturer and the purchaser, each length of pipe shall be tested by the 
manufacturer to a hydrostatic pressure which will produce in the pipe wall a 
stress of 50 per cent of the minimum specified yield point at room temper- 
ature. This pressure shall be determined by the formula: 


cified 2St 


‘1936 Book of A.S.T.M. Standards, Part I, p. 833. 


minal 
meter 
ary, a 
lizing 
ill air 
1 pipe 
j 
| 


636 SPECIFICATIONS FOR ALLOY-STEEL (A 206 37 T) 


_where P = the minimum hydrostatic test pressure in pounds per square inch, 
S = 0.50 times the minimum specified yield point at room te temper- 
ature in pounds per square inch, : 
the nominal wall thickness in inches, and 


oo = the outside diameter in inches. 
ys The maximum hydrostatic test pressure shall not exceed 2500 |b, 
«per sq. in. for sizes 3 in. or under in outside diameter, nor 4500 Ib. per sq. in. 
: for sizes over 3 in. to but not including 8 3 in. in outside diameter and 3000b. 
per sq. in. for all sizes 83 in. or over in owas diameter. The hydrostatic 
; pressure shall be maintained for not less than 5 sec. 


Flattening Tests 


11. For pipe over 2 in. in nominal diameter, a section of pipe not less 
than 2} in. in length shall be flattened between parallel plates until the 
opposite walls of the pipe meet. No cracks or breaks in the metal shall 
occur until the distance between the plates is less than one-half the outside 
diameter of the pipe, but in no case less than seven times the thickness of 

_ the pipe wall. Evidence of laminations or burnt material shall not develop 


during the entire flattening process. a 
Bend Tests 


12. For pipe 2 in. or under in nominal diameter, a sufficient length of 
pipe shall stand being bent cold through 90 deg. around a cylindrical 
mandrel, the diameter of which is twelve times the nominal diameter of the 
pipe, without developing cracks. When ordered for close coiling, the pipe 
shall stand being bent cold through 180 deg. around a cylindrical mandrel, 
the diameter of which is eight times the nominal diameter of the pipe, 
without failure. 


Test Specimens 


13. (a) Specimens cut either longitudinally or transversely shall be 
acceptable for tension tests. 

(6) Longitudinal tension tests may be made in full section of the pipe 
up to the capacity of the testing machine. For larger sizes, the tension test 
specimens shall consist of strips cut from the pipe. The width of these 
specimens shall be 1} in. and shall have a gage length of 2 in. When the 
pipe wall thickness eacneds 3 in., the A.S.T.M. standard 0.505-in. round 
specimen shall be used (Note). Longitudinal tension specimens shall not 
be flattened between gage marks. ‘The sides of specimens shall be parallel 
between gage marks. 

(c) The transverse tension test may be made on pipe 8 in. and over in 
nominal diameter. Specimens may be taken from a ring cut from the pipe 
or from sections resulting from the flattening tests. The specimen shall 
consist of a strip cut transversely from the pipe; the width of the specimen 
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shall be 1} in. and its gage length 2 in. When the pipe wall thickness 
xceeds 3 in. the A.S.T.M. standard 0.505-in. round specimen shall be 
sed (Note). Specimens shall be flattened hot and heat treated in the 
same manner as the pipe, and shall be parallel between gage marks. At 
the option of the manufacturer, the transverse tension test specimen may 
be machined off on either surface provided: not over 15 per cent of the 
nominal thickness is removed from either side. 

Note.—The standard tension test specimens are described in the Standard Methods 
f Tension Testing of Metallic Materials (A.S.T.M. Designation: E 8) of the American 
ociety for Testing Materials.! 

(d) Test specimens for flattening and bend tests shall consist of sections 
ut from a pipe. Specimens for flattening tests shall be smooth on the ends 
and free from burrs, except whem made on crop ends. 

(e) All routine check tests shall be made at room temperature. 


Number of Tests 

14. (a) Tests shall be made as follows on one pipe from each heat- 
treated lot, but in no case on less than 5 per cent of the pipe ordered. 
Results of these tests shall be reported to the purchaser or his representative : 


One transverse or longitudinal tension test specified in Section 9. 

The flattening test specified in Section 11 for pipe over 2 in. in nominal 
diameter. 

The bend test specified in Section 12 for pipe 2 in. or under in nominal 
diameter. 


(b) For material heat treated by the continuous process, the tests 
specified in Paragraph (a) shall be made on each pipe in a lot constituting 5 
per cent of the pipe ordered, but on not less than two pipes. 

(c) Each length of pipe shall be subjected to the hydrostatic test 
specified in Section 10. 


Retests 


15. (a) If the results of any physical tests of any lot do not conform to 
the requirements specified in Sections 9, 11, or 12, retests shall be made on 
additional pipes of double the original number from the same lot, each of 
which shall conform to the requirements specified. 

(b) If the percentage of elongation of any tension test specimen is less 
than that specified and any part of the fracture is more than 3 in. from the © 
center of the gage length of the specimen, as indicated by scribe scratches 
marked on the specimen before testing, a retest shall be allowed. If a 
specimen breaks in an inside or outside surface flaw, a retest shall be allowed. 

(c) If any specimen shows defective machining or develops flaws, 
may be discarded and another specimen substituted. oe 


"1936 Book of A.S.T.M. Standards, Part I, p. 833. 
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Retreatment 

16. If individual lengths of pipe selected to represent any lot fail to 
meet the test requirements specified in Sections 9, 11, or 12, the lot may 
be heat treated again and resubmitted for test, except that any individual 
lengths which meet the test requirements before retreating will be acceptable. 


Permissible Variations in Weight and Dimensions 

17. (a) Weight.—The weight of any length of pipe in sizes up to and 
including 12 in. shall not vary more than 3.5 per cent under and 6.5 per 
cent over that specified. For sizes over 12 in. the weight of any length 
shall not vary more than 5 per cent under and 10 per cent over that 
specified. Unless otherwise mutually agreed upon between the manufacturer 
and the purchaser, pipe in sizes smaller than 4 in. may be weighed in con- 
venient lots; pipe in sizes 4 in. and larger shall be weighed separately. 

(b) Diameter.—-Variations in outside diameter shall not exceed those 
shown in the following table: 


PERMISSIBLE VARIATIONS IN OuTSIDE DIAMETER 


NoMINAL DIAMETER UNDER OVER 
vq in. (0.031 in.) in. (0.062 in.) 
nw az in. (0.031 in.) #5 in. (0.093 in.) 


(c) Thickness.—-The minimum wall thickness at any point shall not be 
more than 12.5 per cent under the nominal wall thickness specified. 

(d) Length—Pipe lengths shall be in accordance with the following 
regular practice: 


The lengths required shall be specified in the order. No pipe shall be 
under the specified length and not more than } in. over that 
specified. 

No jointers are permitted unless otherwise specified. } 


Ends 


18. Unless otherwise specified, pipe shall be furnished with plain ends. 
All burrs at the ends of the pipe shall be removed. 


Finish 
19. (a) The finished pipe shall be reasonably straight and free fi from 
injurious defects, and shall have a workmanlike finish. 4 


Depth of Injurious Defects 

(6) When the depth of defect in the pipe encroaches on the minimum 
wall thickness (87.5 per cent of the nominal thickness), or is in excess of 
12.5 per cent of the nominal wall thickne ss, such defects shall be considered 
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Machining or Grinding Defects 


1 to (c) Pipe showing moderate slivers may be machined or ground inside 
nay or outside to a depth which shall insure the removal of all included scale 
lual and slivers, providing the wall thickness is not reduced below the minimum 
ble. wall thickness required in these specifications. Machining or grinding shall 


follow inspection of the pipe as rolled, and shall be followed by supple- 


mentary visual inspection. 
and 


per Repair by Welding 
gth (2) Repair of injurious defects shall be permitted only subject to the 
hat approval of the purchaser and with the further understanding that the 
urer composition of the welding rod shall be suitable for the composition of the 
on- metal being welded. Welding of injurious defects in no case shall be per- 
mitted when the depth of defect exceeds 333 per cent of the nominal pipe 
10Se wall thickness or the length of repair exceeds 25 per cent of the nominal 
diameter of the pipe. Defects shall be thoroughly chipped out before 
1ETER welding, and then heat treated in accordance with Section 5. Each length of 


repaired pipe shall be retested hydrostatically in accordance with Section 10. 


in.) Marking 
20. Each length of pipe manufactured in accordance with these specifi- 
cations shall be legibly marked, either by stenciling, stamping, or rolling, 


t be with the manufacturer’s private identifying mark, together with the symbols 
A 206 and the alloy symbol (as A 206- P1) and an additional S if pipe 
ming meets the supplementary requirements specified in Paragraphs S1 to S7. 

Marking shall be within 12 in. of one end of each length. On pipe sizes 4 
| be in. and larger, the weight shall be given. On small diameter pipe which is 
‘hat bundled, the above information may be legibly stamped on a metal tag 


_ securely attached to each bundle. When pipe marked as specified in this 
1 section is rejected, the designation A 206 shall be canceled. 


Inspection 
nds. 21. The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of the purchaser is being performed, to 
all parts of the manufacturer’s works which concern the manufacture of the 
pipe ordered. ‘The manufacturer shall afford the inspector, without charge, 
rom all reasonable facilities to satisfy him that the pipe is being furnished in 
acoordance with these specifications. All tests and inspection shall be made 
at the place of manufacture prior to shipment and at the manufacturer’s 
expense, unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. The manufacturer 
shall notify the purchaser in time so that he may have his inspector present 
to witness any part of the manufacture or tests that may be desired. 
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Rejection 

22. Each length of pipe which develops injurious defects in shop 
working or application shall be rejected, and the manufacturer shall ly 
notified. No rejections under these or any other specifications, shall be 
marked as specified in Section 20 for sale under these specifications except 
where such pipe fails to comply with the weight requirements alone, in 


which case it may be sold under the weight specifications with which it 
does comply. 
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SUPPLEMENTARY REQUIREMENTS FOR SEAMLESS PIPE FOR USE 
IN CENTRAL STATIONS AT PRESSURES OF 400 LB. PER SQ. IN., 
OR OVER, AND TEMPERATURES OF 750 F. TO 1000 F., OR 
OTHER APPLICATIONS WHERE A SUPERIOR GRADE OF 
PIPE IS REQUIRED 


S1. These requirements shall not be considered unless specified in the 
der, in which event the supplementary tests shall be made at the mill, 
inless otherwise agreed upon, at the purchaser’s expense and witnessed by 
his inspector before shipment of the material. 


Check Analysis 

$2. Check analysis may be made on any length of pipe. Individual 
lengths failing to meet the chemical requirements specified in Section 6 
shall be rejected. 


Transverse Tension Tests 


S3. Transverse tension tests may be made on specimens from both ends 
of each length of pipe. If the specimen from either end of any length fails to 
meet the physical properties specified in Section 9, that length shall be 
rejected. 


Flattening Tests 


S4. The flattening tests specified in Section 11 may be made on 
specimens from both ends of each length of pipe. Crop ends may be used. 
If the specimen from either end of any length fails to meet the specified 
requirements, that length shall be rejected. 


Finish and Metal Structure 


$5. The finished pipe shall be free from all immoderate slivers and 
depressions. The steel shall have a homogeneous structure as shown by the 
etching test in Paragraph S6. 


Etching Tests 


S6. Etching tests! may be made on sections from any pipe, and shall 
show sound and reasonably uniform material, free from injurious lamina- 
tions, cracks and similar objectionable defects. Sections used for the flatten- 
ing tests described in Section 11 may be used for the etching test. If the 


specimen from any length shows objectionable defects, that length may be 
rejected. 


Rejection 


57. At the purchaser’s discretion, if 10 per cent of the pipe in any one 
lot fail to conform to the requirements of Paragraphs S2 to S6, the entire lot 


' Pending development of etching methods applicable to the product covered by_these specifications, it is 
recommended the Tentative Recommended Practice for a Macro-Etch Test for Steel described in the Metals 
Handbook, Am. Soc. for Metals, 1936 edition, p. 573, be followed. 
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may be rejected. Rejection of a lot shall be based on tests from not les 
than two pipes. A lot shall consist of all the pipe bought by a purchaser cf 
the same size and wall thickness from any one heat. = 


EXPLANATORY NOTE 


Note.—Pending the incorporation of high-temperature data in an appendix, 
which it is the purpose in due time to add, high-temperature properties, when it is 
desired that the same be indicated or specified, shall be a matter of agreement between 
the manufacturer and the purchaser. No high-temperature tests shall be required 
on the materials selected unless a matter of agreement between the manufacturer and 
the purchaser. When required, the short-time tests at elevated temperature shall be 
in accordance with the Tentative Method of Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials (A.S.T.M. Designation: E 21-37 T)! and the 
creep tests shall be in accordance with the Tentative Method of Test for Long-Time 
(Creep) High-Temperature Tension Tests of Metallic Materials (A.S.T. M. Designa- 
tion: E 22-35 T)* of the American Society for Testing Materials. 


APPENDIX 


The following sizes and wall thicknesses of carbon-molybdenum pipe as provided 
for in these specifications were agreed on as standard for stock purposes by the pipe 
manufacturers and the Prime Movers Committee of the Edison Electric Institute. 
These data are included here for information only. 


SERVICE UP TO 1400 LB. PER SQ. IN. SERVICE UP TO 900 LB. PER SQ. IN. 
AT 950 F. AT A 
NoMINAL Pipe Size, IN. ScHEDULE No. ‘THICKNESS, IN. ScHEDULE No. ‘THICKNESS, IN, 


0.218 160 0.218 


0.250 160 0.250 
0.375 0.375 

0.531 120 0.437 
0.718 120 0.562 
0.906 100 0.593 
1.125 100 0.718 
1.312 100 0.843 
1.406 100 0.937 

1 


.562 1.031 


1 See p. 1290. 
2 Proceedings, Am. a Testing Mats., Vol. 35, Part I, 1291 (1935); also 1937 Book of A.S.T.M. Ten- 
tative Pp. 154 


4 
7 
ant 
Soc 
Sc 
ba 
(a 
of 
ti 
| 
> 
7 
| 


@ 


TENTATIVE SPECIFICATIONS 
FOR 
ZINC-COATED (GALVANIZED) IRON OR STEEL BARBED J 
WIRE! 
A.S.T.M. Designation: A 121-37 T 

This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1937. 


Scope 

1. These specifications cover three classes of zinc-coated iron or steel 
barbed wire (galvanized before fabrication), namely, Classes 1, 2, and 3 
(as described in Section 6), as designated by the weight of coating in ounces 
of zinc per square foot of bare wire surface. 

2. These specifications cover the usual sizes and standard construc- 


tions of barbed wire as follows: 
NoMINAL DIAMETER 
oF Z1nc-COATED 


WIRE IN COMMERCIAL NuMBER 
STRAND, IN. DESIGNATION oF BARBS 


.105 Hog 
.105 Cattle 
.099 Hog 
.099 Cattle 
.099 Hog 
.099 Cattle 
.080 Hog 
. 080 Cattle 


3. The zinc used for the coating shall be any grade of zinc conforming 
to the requirements of the Standard Specifications for Slab Zinc (Spelter) 
(A.S.T.M. Designation: B 6) of the American Society for Testing Materials.’ 
Base Metal 


4. The base metal of the barbed wire shall be of a good commercial 
quality of steel or iron wire. If copper steel wire is specified, the copper 
content shall conform to the following requirements: 


Ladle analysis 
Check analysis 


2 Gales the standardization Br ocedure of the Society, these — are under the jurisdiction of 
be A.S.T.M. Committee A-5 on Corrosion J. Iron and Steel. 
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Weight and Uniformity of Coating 


5. The weight and uniformity of the coating for the various gages oj 
wire composing the strands of the barbed wire shall be specified by the 
purchaser and shall be in accordance with the weights and Preece test 
dips for the particular class of coating specified as designated in Table | 
and Table IT. 


Tests of Coating 


6. (a) Weight of Coating.—The weight of the zinc coating (ounces per 
square foot) shall be determined in accordance with the Standard Methods 
of Determining Weight of Coating on Zinc-Coated (Galvanized) Iron or 
Steel Articles (A.S.T.M. Designation: A 90) of the American Society for 
Testing Materials." 


-TaBLe I.—WeEiGHT OF COATING IN OUNCES PER SQUARE Foot oF 
WIRE SURFACE. 


NoMINAL DIAMETER 


‘Size, oF Z1nc-COATED MINIMUM WEIGHT OF COATING 
STEEL Wire Gace WIRE IN STRAND, IN. Crass 1 Crass 2 CLAss 


0.30 0.50 0.80 
0.30 0.50 0.80 
0.25 0.45 0.65 


TABLE IJ.—Unirormity OF CoaTING (PREECE TEs?). 
MINIMUM NUMBER OF PREECE Test Dips 


Size, 
Wire Gace Crass 1 Crass 2 Crass 3 


1 
2 


(b) Uniformity of Coating.—The uniformity of the zinc coating shall 
be determined by the Preece test in accordance with the Tentative Method 
of Test for Uniformity of Coating by the Preece Test (Copper Sulfate Dip) 
on Zinc-Coated (Galvanized) Iron or Steel Wire (A.S.T.M. Designation: 
A 191 — 36 T) of the American Society for Testing Materials. : 


Sampling and Number of Tests 


7. For purpose of tests, one spool shall be selected at random from 
every 50 spools or fraction thereof in a shipment. Sufficient length of 
barbed wire shall be cut from the end of the spool to provide material for 
the tests prescribed in Sections 5 and 6. 


Retests and Rejection J 


8. If 20 per cent of the samples tested for the weight of zinc coating 
or the uniformity of zinc coating fail to conform to the requirements ol 
these specifications, then an additional test of four other spools, selected 


11936 Book of A.S.T.M. Standards, Part I, p. 397. \.S.T.M 
? Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 645 (1936); also 1937 Book of A.5.1..)- 
Tentative Standards, p. 237. 
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from each lot of 50 spools or fraction thereof, shall be made and, if 20 per 
cent of the total samples fail to conform to the requirements, then the 
entire lot represented by the samples may be rejected. _ 


Size and Permissible Variations 
9. (a) The size of the zinc-coated wire shall be expressed in terms of 
the gage numbers of the steel wire gage given in Table I. 


(b) The permissible variations from the nominal diameter of barbed 
wire shall be +0.005 in. 


Packing and Marking 


10. Each spool of barbed wire shall be compactly wound and fastened. 
Each spool shall be legibly marked with the manufacturer’s name, style 
f barbed wire, class of coating, and A.S.T.M. serial designation A 121. 


Inspection 

11. The manufacturer shall afford the inspector representing the 
purchaser, without charge, all reasonable facilities to satisfy him that the 
material is being furnished in accordance with these specifications. All 
tests and inspection shall be made at the place of manufacture prior to 
shipment, and shall be so conducted as not to interfere unnecessarily with 
theoperation of the works. | 


12. All spools of barbed wire accepted by the purchaser shall be billed 


to him on the basis of the original weight or length on the spools before 
sampling. 
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TENTATIVE SPECIFICATIONS 
FOR 


ZINC-COATED (GALVANIZED) IRON OR STEEL FARM-FIELD 
AND RAILROAD RIGHT-OF-WAY WIRE FENCING! 


A.S.T.M. Designation: A 116-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. These specifications cover three classes of zinc-coated iron or steel 
wire fencing (galvanized before fabrication), for farm-field fence and rail- 
road right-of-way fence, namely, Classes 1, 2, and 3 (as described in Section 
6), as designated by the weight of coating in ounces of zinc per square foot 
of bare wire surface. 


Style and Size 


2. It is recommended that styles and sizes of fence fabrics covered by 
these specifications be in accordance with those recommended by the U. S. 
Department of Commerce in its Simplified Practice Recommendation No. 9 


— =~ we vue 


or its subsequent recommendations. ae 


Zinc Coating 

3. The zinc used for the coating shall be any grade of zinc conforming 
to the requirements of the Standard Specifications for Slab Zinc (Spelter) 
(A.S.T.M. Designation: B 6) of the American Society for Testing Materials.’ 


Base Metal 


4. The base metal of the fabric shall be of a good commercial quality 
of steel or iron wire. If copper steel wire is specified, the copper content 
shall conform to the following requirements: 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee A-5 on Corrosion of Iron and Steel. u 4 
These specifications are in effect a tentative revision of, and are intended to supersede when ode “i 
standard, the present Standard Specifications for Zinc-Coated (Galvanized) Iron or Steel Farm-Fiel = 
ae ge eter Way Wire Fencing (A.S.T.M. Designation: A 116 — 30), 1936 Book of A.S.T.M. Stan 
‘art p. 
#1937 Supplement{to Book of A.S.T.M. Standards, p. 43. 
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Weight and Uniformity of Coating 

5. The weight and uniformity of the coating for the various gages of 
wire composing the fencing shall be specified by the purchaser and shall 
be in accordance with the weights and Preece test dips for the particular 
class of coatings specified as designated in Tables I and II. 


TABLE I.—WEIGHT OF COATING IN OUNCES PER SQUARE Foot OF BARE WIRE SURFACE. 


S1zz, NoMINAL DIAMETER OF MINIMUM WEIGHT OF COATING 
SteeEL WirE GAGE Z1Nc-COATED WIRE, IN. Crass 1 Crass 2 Crass 3 


0.40 0.60 0.80 
0.40 0.60 0.80 
0.30 0.50 0.80 
0.30 0.50 0.80 
0.30 0.50 0.80 
0.30 0.50 0.80 


TABLE II.—UNIFORMITY OF COATING (PREECE TEST). 


4 MINIMUM NuMBER OF PreEcE Test Dips 
WIRE GAGE Crass 1 2 Crass3 


Nos. 7 and 9 
Nos. 10 to 12, incl 


3 4 
2 4 
2 3 


6. (a) Weight of Coating.—The weight of the zinc coating (ounces per 
square foot) shall be determined in accordance with the Standard Methods 
of Determining Weight of Coating on Zinc-Coated (Galvanized) Irno or 
Steel Articles (A.S.T.M. Designation: A 90) of the American Society for 
Testing Materials.! 

(b) Uniformity of Coating.—The uniformity of the zinc coating shall 
be determined by the Preece test in accordance with the Tentative Method 
of Test for Uniformity of Coating by the Preece Test (Copper Sulfate Dip) 
on Zinc-Coated (Galvanized) Iron or Steel Wire (A.S.T.M. Designation: 
A 191-36 T) of the American Society for Testing Materials.? 


Sampling and Number of Tests 


7. For purpose of tests, one roll from each lot of 50 rolls of fencing, or — 
fraction thereof. in a shipment, shall be selected for a sample. Sufficient 
length of the fencing shall be cut from the end of the roll to include three 
stay wires. ‘The test specimens for the line wire shall be cut between these 
three stays. The test specimens for the stays shall be cut from two of these 
three stays. All wire knots, wraps or welds shall be excluded from the 
test. The resultant specimens of line and stay wire from each sample roll 
shall be put into separate groups. Three specimens from each of these 
gtoups shall be subjected to the test for the weight of coating in accordance 
with Sections 5 and 6, and three specimens from each of these groups shall 
be subjected to the test for uniformity of coating, in accordance with 
Sections 5 and 6. 

"1936 Book of A.S.T.M. Standards, Part I, p. 397. 


* Proceedings, Am. Soc. Testing Mats. Vol. 36, Part I, p. 645 (1936); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 237. 
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Retests and Rejection 


8. If 20 per cent of the specimens tested for the weight of zinc coating, 
or the uniformity of zinc coating, fail to meet the requirements of these 
specifications, four additional rolls shall be selected, samples taken as 
described above, and a retest for the non- -conforming properties shall be 
made; and if 20 per cent of the total number of specimens fail, the entire 
lot represented by the samples may be rejected. 


Size and Permissible Variations 
9. (a) The size of the zinc-coated wire shall be expressed in terms of 
the gage numbers of the steel wire gage given in Table I. 


(b) The permissible variations from the nominal diameter shall be as 
follows: 


PERMISSIBLE VARIATIONS FROM 
GAGE NOMINAL DIAMETER 


7 12, incl +0. 004 in. 
+(0.003 in. 


Packing and aioe 


10. Each roll of wire fencing shall be tightly rolled and firmly tied. 
Fach roll shall carry a tag showing the style of fence, the length of fencing 
in the roll, class of coating, A.S.T.M. serial designation A 116, and the 


manufacturer’s name or mark. 
Inspection 


11. The manufacturer shall afford the inspector representing the 
purchaser, without charge, all reasonable facilities to satisfy him that the 
material is being furnished in accordance with these specifications. All 
tests and inspection shall be made at the place of manufacture prior to ship- 
ment, and shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 


Billing 


12. All rolls of fencing accepted by the purchaser shall be billed on 
the basis of the original weight or length of the rolls before sampling. 


| 
|. 
| | 


TENTATIVE SPECIFICATIONS 
FOR 
SINGLE AND DOUBLE REFINED WROUGHT-IRON BARS! 
A.S.T.M. Designation: A 189-37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1936; REVISED, 1937. 
Scope 


1. These specifications cover refined wrought-iron bars, as follows: © 
Grade A.—Double refined, round, hexagonal and rectangular bars. _ 


Grade B.—Single refined, round, hexagonal and rectangular bars. 
Manufacture 


2. (a) The bars shall be made from pig puddled or processed wrought _ 
iron’ and shall be free from any admixture of iron scrap or steel. In the 
final piling all bars shall be of the full length of the pile. 

Grade A.—The original muck bars shall be piled, rolled, repiled and 
rerolled. 

Grade B.—The original muck bars shall be piled and rolled. 

(b) Iron Scrap.—Unless otherwise specified by the purchaser, the term 
“iron scrap,”’ applies only to foreign or bought scrap and does not include 
local mill products which are free from foreign or bought scrap. Any 
local mill products used shall be the equal of the material specified. 


Chemical Composition 


3. The iron shall conform to the following requirements as to chemical 
composition : 


Manganese, max., per cent 
Check Analyses 


4. (a) An analysis may be made by the purchaser from a broken 
tension test specimen representing each lot as specified in Section 9 (a). 
The chemical composition thus determined shall conform to the require- 
ment specified in Section 3. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
AS.T.M. Committee A-2 on Wrought Iron. 


2 Wrought iron is defined as follows in the Standard Definitions of Terms Relating to Wrought Iron Speci- 
fications (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: | ¥ 
rought Iron.—A ferrous material, aggregated from a solidifying mass of pasty particles of highly refined 


metallic iron with which, without subsequent fusion, is incorporated a minutely and uniformly distributed 
Quantity of slag. 
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(b) Drillings for analysis shall be so taken as to represent the entire 


5. (a) The iron shall conform to the following requirements as to 


Round, Square and 


in. in Diameter or 
Thickness 


Hexagonal Bare under 1% 


Round, Square and 
Hexagonal Bars over 1% in. 
and up to but not including 
25 in. in Diameter or 
Thickness 


Round, Square and 
Hexagonal Bars 2} in. and 
over in Diameter or 
Thickness, and all Flat 

Bars 


Grape A—Dovsie Rerinep 


Tensile strength, lb. per sq. in?.. 
Yield point, min., |b. per eq. in.. 


Elongation in 8 in., min., per cent 
Reduction of area, min., per cent 


48 000 to 54 000 
0.6 tens. str. 
28¢ 


45 


47 000 to 54 000 
0.55 str. 


46 000 to 54 000 
0.50 str. 
2 


35 


Grape Rerinep 


Tensile strength, min., lb. per sq. 
Yield point, min, lb. per aq. in.. 


Reduction of area, min., per cent 


Elongation in 8 in., min., per cent 


48 000 
0.6 tens. str. 
252 


40 


47 000 
0.55 tens. str. 
22 


46 000 
0.50 tens. str. 
20 


30 


for Grade A and 22 cent for 
+ A deduction o 
by machining. 


Bend Tests 


the bent portion. 


Step Test 


Grade B material. 


* Bars not exceeding j in. in diameter or thickness will be accepted if the elongation in 8 in. is not less than 25 per cent 


1000 |b. per sq. in. shall be allowed from the minimum tensile strength specified for specimens reduced 


(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine. 

the machine shall not exceed ? in. per min. 
the speed of the crosshead shall not exceed 3 in. per min. 


6. (a) Cold Bend Tests——The test specimen shall stand being bent 
cold through 180 deg. around a pin the diameter of which is equal to the 
diameter or thickness of the specimen, without fracture on the outside of 


(b) Hot Bend Tests.—The test specimen when heated to a temperature 
between 1700 and 1800 F. (925 and 980 C.), shall stand being bent through 
180 deg. flat on itself, without fracture on the outside of the bent portion. 

(c) Nick Bend Tests——The test specimen, when nicked 25 per cent 
around with a tool having a 60-deg. cutting edge to a depth of not less than 
8 nor more than 16 per cent of the diameter or thickness of the specimen 
and broken slowly, shall show a wholly fibrous fracture. 

(d) Bend tests may be made by pressure or by blows. 


7. In the case of Grade A bars only, the test specimen when reduced 
to 50 per cent of its original diameter by smooth-turned steps, each 2 in. 
in length and } in. less in diameter than the preceding, shall indicate free- 
dom from injurious seams, laminations and other internal defects. 


The speed of the crosshead of 
After passing the yield point, 
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Etch Test 

8. The cross section of the test specimen shall be ground or polished 
and etched! for a sufficient period to develop the structure. This test shall 
show the material to be uniform and free from steel. 


Test Specimens 


9. (a) Tension Test Specimens.—Tension test specimens shall be the 
full section of material as rolled, if possible, otherwise, the specimens shall 
be taken from the material as rolled. for bars 2} in. or less in diameter or 
thickness, the axis of the tension specimen shall coincide with the axis of 
the bar. For bars over 23 in. in diameter or thickness, the axis of the 
tension specimen shall be located at any point one-half the distance from 
the center to the surface and shall be parallel to the axis of the bar; and 
the specimen may be turned to a convenient diameter for a length of at 
least 9 in. with enlarged ends. 

(b) Bend Test Specimens.—Round, square and hexagonal bars not 
over 1} in. in diameter or thickness, and flat bars not over 1 in. in thick- 
ness or 2 in. in width shall be bent in full section as rolled. For larger 
round, square and hexagonal bars the bend specimen may be reduced to 
1} in. in diameter. For flat bars the bend specimens may be reduced to a 
width not less than the thickness of the bar. In any case, however, it is 
permissible to reduce the bend test specimen for flat bars to at least a 
one inch square. ‘The edges of the machined specimens shall be rounded 
toa radius of } in. 


Number of Tests 


10. (a) Bars of each size shall be sorted into lots of 100 each. Two 
bars shall be selected at random from each lot or fraction thereof, and 
tested as specified in Sections 4, 5, 6 and 7; but only one of these bars 
shall be tested as specified in Section 8. 

(b) Where small lots of different sizes are to be tested the bars shall be 
grouped into lots of 5000 Ib., or fraction thereof, without regard to size, and 
ne bar representing each lot of 5000 lb., or fraction thereof, shall be tested 
s specified in Sections 4, 5, 6, 7 and 8. 

(c) If any of the specimens originally selected to represent a lot of 
material contain surface defects not visible before testing but visible after 
testing, or if a tension test specimen fails to meet the physical require- 
ments of Section 5 and breaks outside the middle third of the gage length, 
as indicated by scribe scratches marked on the specimen before testing, 


the individual specimen shall be rejected and one retest from a different 
bar will be allowed. 


'A solution of 10 per cent hydrochloric acid (sp. gr. 1.19), 30 per cent sulfuric acid (sp. gr. 1.89), and 60 
ber cent water; or 25 per cent nitric acid (sp. gr. 1.42) and 75 per cent water, is recommended for the etch test. 
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Permissible Variations in Size 


11. (a) Round, square and hexagonal bars shall not vary more than 
| the limits given in the following table: 


PERMISSIBLE VARIATIONS 
NoMINAL Size oF 


In SIZE, In, 
Rounp, SQUARE AND HEXAGONAL BARS UNDER Over 
(6) The width or thickness of flat bars shall not vary more than 2 per 
cent from that specified. 
Finish 
12. The bars shall be smoothly rolled and free from slivers, depres- 
sions, seams, crop ends and evidences of being burnt. | 
Marking 


13. The bars shall be stamped or marked as designated by the pur- 
Inspection 

14. (a) The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. ‘The manufacturer shall afford the inspector, with- 
out charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, unless other- 
wise specified. 

(b) The purchaser may make the tests to govern the acceptance or 


rejection of material in his own laboratory or elsewhere. Such tests, how- 
ever, shall be made at the expense of the purchaser. 


Rejection 
15. (a) If either of the test bars selected to represent a lot does not 
conform to the requirements specified, the lot will be rejected. 


: (b) Bars which develop defects in forging or machining will be re- 
jected, and the manufacturer shall be notified. . 


Rehearing 
16. Samples tested in accordance with Section 14 (b), which represent 


rejected material shall be preserved for two weeks from the date of the test 
report. In case of dissatisfaction with the results of the tests, the manu- 


facturer may make claim for a rehearing within that time. _ 


| 
t 


TENTATIVE SPECIFICATIONS 
FOR 


WROUGHT-IRON PLATES! 
A.S.T.M. Designation: A 42-37 T 
This is a Tentative Standard and under the Regulations of the Society is subject 5 


to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


ApDOPTED, 1913; REVISED, 1918, 1930; REISSUED AS TENTATIVE, 1934; 
REVISED, 1935, 1936, 1937. _ be 


Scope 


wrought-iron? plates for general fabrication purposes, including 


1. These specifications cover standard and special forming > 
bending and flanging, in thicknesses 3; in. and over. 


Manufacture 
2. Plates shall be rolled from blooms, piles or slabs made from all 
pig puddled or processed wrought iron, free from any admixture of 


iron scrap (Note) or steel. The component parts of piles shall be of 
the full length of the pile. 


Note.—The term iron scrap applies only to foreign or bought scrap and does 
not include local mill products which are free from foreign or bought scrap. Any 
local mill products used shall be the equal or of a higher grade than the material 
specified. 

Chemical Composition 
3. The iron shall conform to the following requirement as alll 
chemical composition: 


Manganese, max., per cent 


Tension Tests 


4. (a) Standard Plate—Standard plate shall conform to the 
following minimum requirements as to tensile properties. These 


Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee A-2 on Wrought Iron. 

These tentative specifications are in effect a tentative revision of, and replace the former Standard 
Specifications for Wrought-Iron Plates (A.S.T.M. Designation: A 42-30), which standard was 
accordingly discontinued in 1936. . 

? Wrought iron is defined as follows in the Standard Definitions of Terms Relating to Wrought 7 
Iron Specifications (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: 

Wrought Iron.—A ferrous material, aggregated from a solidifying mass of pasty particles of highly _ 
tefined metallic iron with which, without subsequent fusion, is incorporated a minutely and uniformly 
distributed quantity of slag. 
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requirements apply only to longitudinal test specimens; no transverse 
tests shall be made. 


Tensile strength, lb. per sq. in 
Yield point, lb. per sq. in 
Elongation in 8 in., per cent 


(b) Special Forming Plate——With special forming plate, th 
longitudinal strength and ductility are directly related to the trans- 
verse properties, and are scaled downward in ratio to the increase in 
transverse properties, according to the following formulas: 


Tensile strength, lb. per sq. in. = 51,000 — (1500 X transverse ductility of plate 
(expressed as percentage elongation in 8 in.) 
Longitudinal elongation in 8 in., per cent = 16 — transverse ductility (expressed as 


percentage elongation in 8 in.) 
Yield point, lb. per sq. in 


(c) The purchaser shall specify in the order the minimum trans- 
verse ductility desired in conformity with the fabrication requirements. 
When no transverse ductility is specified in the order, standard plate 
will be supplied. 

(d) Representative requirements for special forming plate, in 
accordance with the formulas, are as follows: 


MInimuM LONGITUDINAL 


PROPERTIES 
TRANSVERSE DUCTILITY TENSILE Exoncation? 
(ELONGATION IN 8 IN.), _ STRENGTH,® MIN., IN 8 IN., MIN., 
«PER CENT LB. PER SQ. IN. PER CENT 

51,000 — (1500 X 3) = 46500 (16 — 3) = 13 

12 

11 

9 

8 


* See Section 5 (a). 
See Section 5 


(e) The yield point shall be dctneninad by the drop of the beam 
or halt in the gage of the testing machine. The speed of the cross- 
head of the machine shall not exceed 3 in. per minute. 


Modifications in Elongation 


5. (a) For plates over 3 in. in thickness, a reduction of 1000 lb. 
per sq. in. from the indicated tensile strength will be allowed for each 
increase of } in. in thickness over 3 in., with a proportional reduction 
for fractional parts of } in.; but in no case shall the tensile strength be 
less than 39,000 lb. per sq. in. 


} 

Be 
— 

| 


A.S.T.M. A 42-37 T 


(b) For plates under ¥% in. in thickness, a deduction of 1 per cent 
from the percentages of elongation specified in Section 4 shall be made 
for each decrease of ;'g in. in thickness below ;% in.; but in no case 
shall the elongation be less than 8 per cent. 


Bend Tests 

6. (a) Cold-bend Tests.—The test specimen shall stand being — 
bent cold through 90 deg., without fracture on the outside of the bent 
portion, around a pin the diameter of which is: 

40 X thickness of plate 
specified longitudinal elongation in 8 in., per cent 
(b) Nick-bend Tests.——The test specimen, when nicked on one — 

side and slowly broken, shall show a wholly fibrous fracture. 
Test Specimens 

7. (a) Tension and bend test specimens shall be taken from 
the finished plate and except as specified in Paragraph (d) shall be } 
of the full thickness of the plate as rolled. 


le Parallel Section not less than 9” About 


{ | 
* Gage Length ----- >| 
for Measuring Elongation’ 


after Fracture 


Fic. 1.—Standard 8-in. Gage Length Test Specimen. 


(b) Test specimens may be machined to the form and dimensions : 
shown in Fig. 1, or with both edges parallel. When plates are 13 in. 
or over in thickness, the specimens may be machined to a thickness ’ 
of not less than ? in. or, if desired, to a diameter of not less than 
i in. for a distance of not less than 9 in. 

(c) The machined edges of rectangular bend test specimens © 
may be rounded to a radius of not over }, in. 7 


Number of Tests 

8. (a) One tension, one cold-bend and one nick-bend test shall 
be made for each }-in. variation in plate thickness and not less than 
one test for every ten plates as rolled. Where modification of the 
usual transverse properties is specified, and the tensile properties 
are determined by the formulas in Section 4 (a), two tension test 
specimens shall be taken at right angles to each other, one parallel to 
the longitudinal axis and the other parallel to the transverse axis. 
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TABLE I.—PERMISSIBLE VARIATIONS OF RECTANGULAR PLATES er. 
To WEIGHT. 


Permisatble Variations in Average Weights per Square 

e Variations in Average We uare 

Foot of Plates for Widths — 
Expressed in Percentages of Ordered Weights 


Ordered | 72to 96 to | 108 to 132 in. Ordered 
Weight, 84in., | 108 in.,| 120 in., i or Weight, 
Ib. per sq. ft. . | exel. excl, | excl. . | over Ib. per aq. ft. 


| Under 
| Under 


| Under 


Under 
6 to 7.5 excl. 
7.5 


10 
12.5 ** 


.| Under 5 


5 to 7.5 excel 


Under 


o 


“9 
12.5 
15 


& & & 


o 
ow | Under 


17.5 
20 
25 30 
30 40 


20 
25 
30 


o 


2.5 
2.5 


40 


3 
3 
3 
3 
3 
3 
3 
3 
2 


ow wow wo w 


5 
5 


2 


to 


40 or over 5 40 or over 


Nore.—The weight per square foot of individual plates shall not vary from the ordered weight by more than one 
and one-third the amount given in this table. 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF RECTANGULAR PLATES ORDERED 
TO THICKNESS. 


Permissible Excess In Average Welghto per 
Ex in Percentages of Nominal Weights 
Ordered Ordered 
Thickness, in. Thickness, in. 
Under 60 to 72 to 84 to 96 to | 108 to | 120 to | 132 in. 
48 in. in. 72in.,| 84in.,| 96in., | 108 in., | 120in.,|132in.,| or 
excl, excl. excl. excl. excl. | excl. | over 


to excl, 


to 4% excl. 


3 « 
16 


ow am of am af 

om am am a” om 


2.5 
1 or over 2.5 2.5 


I or over 


ao 


9 
8 
7 
6 


Nore. —T he weight of individual plates ordered to thickness shall not exeoed the nominal weight by more than one 
and one-third the amount given ia this table. vee —_—* ’ 
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(b) If any of the specimens originally selected to represent a lot 
of material contains surface defects not visible before testing but 
visible after testing, or if a tension test specimen fails to meet the 
physical requirements of Section 4 and breaks outside the middle 
third of the gage length, as indicated by scribe scratches marked on the 
specimen before testing, the individual specimen shall be rejected and 
one retest from a different plate will be allowed. If the retest also 
fails, the plates represented by such test will be rejected. 


Other Tests 


9. Where desired, the purchaser may, at his own expense, 
subject the material to chemical, microscopic, or other tests to deter- 
mine its quality in conformity with the intent of these specifications. 


Variations in Weight and Thickness 

10. The weight or thickness of plates shall be covered by the 
following permissible variations. One cubic inch of wrought iron is 
assumed to weigh 0.2776 lb. 

(a) Plates, When Ordered to Weight per Square Foot.—The weight 
of each lot! of plates in each shipment shall not vary from the weight 
ordered more than the amounts given in Table I. 

(b) Plates, When Ordered to Thickness.—The thickness of each — 
plate shall not vary more than 0.01 in. under that ordered. 

The overweight in each lot! of plates in each shipment shall not 
exceed the amounts given in Table II. 


Finish 


11. The plates shall be straight, smooth and free from cinder 
spots and holes, injurious flaws, buckles, blisters, seams and 
laminations. 


12. The plates shall be stamped or otherwise marked as designated > 


by the purchaser. 
Inspection —_— 

13. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the plates ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 


1 The term “lot” as applied to Table I means all the plates of each group width and group weight. 
As applied to Table II, it means all the plates of each group width and group thickness. 


. 
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satisfy him that the plates are being furnished in accordance with 
_ these specifications. All tests and inspection shall be made at the 


place of manufacture prior to shipment, unless otherwise specified, 
and shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

(b) The purchaser may make the tests to govern the acceptance 
or rejection of plates at his own laboratory or elsewhere. Such tests, 
however, shall be made at the expense of the purchaser. 


Rejection 

14. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 13 (0) shall be reported within five 
working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


Rehearing 

15. Samples tested in accordance with Section 13 (b), which 
represent rejected plates, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results of 
the tests, the manufacturer may make claim for a rehearing within 
that time. 


| | _ | 
j 
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TENTATIVE SPECIFICATIONS 
FOR 
WROUGHT-IRON RIVETS AND RIVET ROUNDS! 


A.S.T.M. Designation: A 152 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. _ _ s 


IsSUED, 1933; REVISED, 1935, 1936, 1937. 


A. Requirements for Rolled Bars 


MANUFACTURE 
Process 


The rivet - bars shall be made from all pig puddled or processed 
ai iron,? and shall be free from any admixture of iron scrap 
or steel. 

Note.—The term “iron scrap”’ applies only to foreign or bought scrap and does 


not include local mill products which are free from foreign or bought scrap. Any 
local mill products used shall be the equal or of a higher grade than the ‘material 


specified. 
7 CHEMICAL PROPERTIES AND TESTS 
Chemical Composition 


2. The wrought iron shall conform to the following requirement 
as to chemical composition: 


Manganese, max., per cent 


Check Analyses 


3. (a) Analyses may be made by the purchaser from a broken 
test specimen representing each lot, as specified in Section 7 (a). 
At the discretion of the purchaser, the chemical analysis may be 
made from a rivet. Each rivet so tested shall not represent more 
than 2000 Ib. of any one size. 
(b) Drillings for analysis shall be so taken as to represent the — 
entire cross-section of the specimen. 
' Under the standardization procedure of the Society, these specifications are under the jurisdiction — : 
of the A.S.T.M. Committee A-2 on Wrought Iron. 
? Wrought iron is defined as follows in the Standard Definitions of Terms Relating to Wrought ad 
Iron Specifications (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: 


Wrought lron.—A ferrous material, aggregated from a solidifying mass of pasty particles of highly 
tefined metallic iron, with which, without subsequent fusion, is incorporated a minuteiy and uniformly 


distributed quantity of slag. 
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PHYSICAL PROPERTIES AND TESTS 
Tension Tests 
. 4. (a) The wrought iron shall conform to the following minimum 
_ requirements as to tensile properties: 


0.6 tens. str, 
rounds } to q in., incl., in diam...... 22 _ 
_ Elongation in 8 in., per cent rounds 7; to 3 in., incl., in diam...... 24 
; rounds over 3 to 2 in., incl., in diam... 28 


(b) The yield point shall be determined by the drop of the 
_ beam or halt in the gage of the testing machine. 


Bend Tests 

5. (a) Quenched, Cold-bend Tests—A test specimen shall be 
heated between 1600 and 1700 F. (870 and 925 C.), and quenched in 
cold water, after which it shall stand being bent cold through 90 deg. 
on a radius which is equal to the diameter of the specimen without 
fracture on the outside of the bent portion. 

(b) Nick-bend Tests—A test specimen, when nicked 25 per cent 
around the circumference with a tool having a 60-deg. cutting edge, 
to a depth of not less than 8 nor more than 16 per cent of the diameter 
or thickness of the specimen, and broken slowly, shall show a wholly 
fibrous fracture. 

(¢) Hot-bend Tests.—A test specimen, when heated to a temper- 

: ature between 1700 and 1800 F. (925 and 980 C.), shall stand being 


bent through 180 deg. flat on itself without fracture on the outside 
of the bent portion. 
(d) Bend tests may be made by pressure or blows. 


Test Specimens 
6. All test specimens shall be of the full section of the material 


as rolled. 


7. (a) All bars of a given size shall be piled separately, sorted 
in lots of 100 each. Two bars shall be selected at random from each 
lot or fraction thereof and tested as specified in Sections 4 to 6. 

(b) If any of the specimens originally selected to reprenes a lot 
of material contains surface defects not visible before testing but 
visible after testing, or if a tension test specimen fails to meet the 
physical test requirements of Section 4 and breaks outside the middle 
third of the gage length, as indicated by scribe scratches marked on 
the specimen before testing, the individual specimen shall be rejected 
and one retest from a different bar will be allowed. 


| 
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Micrographic Examination 
-_ g. In case of doubt as to the presence of steel, the purchaser 
may, at his own expense, make micrographic examination to assist 
in determining whether the material conforms to the requirements 
of Section 1. 
Permissible Variations 
9. The diameter of rivet bars shall not vary from that specified 
by more than the amount given in the following table: 


PERMISSIBLE Out oF 


— VARIATIONS Rounp, 

DIAMETER, IN. DIAMETER, IN. IN, 
Up to 3, inclusive. +0 .007 0.010 


Finish 
10. The bars shall be smoothly rolled and shall be free from 

slivers, depressions, crop ends and seams, and shall show no evidence 

of being burnt. 


INSPECTION AND REJECTION 
Inspection 


11. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the material ordered. ‘The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the bars are being furnished in accordance with 
these specifications. Tests and inspection at the place of manu- 
facture shall be made prior to shipment. : 
(b) The purchaser may make the tests to govern the acceptance 
or rejection of material in his own laboratory or elsewhere. Such 
tests, however, shall be made at the expense of the purchaser. 
| (c) All tests and inspection shall be so conducted as not to inter- 
fere unnecessarily with the operation of the works. 


Rejection 


12. (a) All bars of one size in any one lot will be rejected if the 
test specimens representing that size and lot do not conform to the 

requirements specified. 

(b) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 11 (b) shall be reported within 


five working days from the receipt of samples. 
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Rehearing 

13. Samples tested in accordance with Section 11 (b), which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing within 
that time. 


B. Requirements for Finished Rivets 
Material 
14. The material used in the manufacture of the rivets shall 
conform to the requirements for rolled bars as specified in Sections 1 
to 13, inclusive. 


PHYSICAL PROPERTIES AND TESTS 
Flattening Test 


15. The rivet head shall stand being flattened, while hot, to a 
diameter two times the diameter of the shank, as shown in Fig. 1, 


Fic. 1.—Flattening Test. 


Etch Test 

16. The rivet shall be split longitudinally through head and 
shank. After grinding or polishing and etching in acid,' the section 
shall show freedom of folds at base of head, and the fiber lines shall 
show symmetrical displacement. (See Fig. 2). 


Number of Tests 


17. Three flattening and three etch tests shall be made from 
each lot of 2000 lb. or less of any one diameter of rivets offered for 
inspection, each of which shall conform to the requirements specified 
in Sections 15 and 16. 


1A solution of 10 per cent hydrochloric acid (sp. gr. 1.19), 30 per cent sulfuric acid (sp. gr. 1.84), 
and 60 per cent water; or 25 percent nitric acid (sp gr 1.42) and 75 per cent water, is recom- 


mended for the etch test. 
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WORKMANSHIP AND FINISH 
Workmanship and Finish 


18. The rivets shall be true to form and concentric, shall 7 


made in a workmanlike manner, and shall be free from injurious 
defects. The heads shall not show cracks or splits on the edge but 
- may contain a slight flash. 


INSPECTION AND REJECTION 
Inspection 


19. The inspector representing the purchaser shall have free 
entry, at all times while the work on the contract of the purchaser 


Fic. 2.—Showing Symmetrical Displacement of Fiber Lines After Etching Test. 


is being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the rivets ordered. ‘The manufacturer 
shall afford the inspector, without charge, all reasonable facilities 
to satisfy him that the rivets are being furnished in accordance with 
these specifications. All tests and inspection shall be made at the 
place of manufacture of the rivets prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unneces- 


sarily with the operation of the works. 


Rejection 


20. Rivets which show defects subsequent to their acceptance 


at the manufacturer’s works will be rejected, and the manufacturer 
shall be notified. 
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TENTATIVE SPECIFICATIONS 


FOR 
ROLLED WROUGHT-IRON SHAPES AND BARS'! 


A.S.T.M. Designation: A 207 - 37 T 


This i is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937.2 
Scope 
These specifications cover a general group of rolled wrought-iron 
structural shapes, sections and bars. 


Manufacture 


The shapes, sections and kars may be direct rolled from billets 
made from pig puddled or processed wrought iron* and shall be free from 
any admixture of iron scrap or steel. 


Note.—The term “iron scrap” applies only to foreign or bought scrap and does not 
include local mill products which are free from foreign or bought scrap. Any local mill 
products used shall be the equal or of a higher grade than the material specified. =» 


Chemical Composition 


3. The iron shall conform to the following requirement as to chemical 
composition : 


Manganese, max., per cent 
Check Analysis 


4. An analysis may be made by the purchaser from a broken tension 
test specimen representing each lot as specified in Section 8 (a). The 
chemical composition thus determined shall conform to the requirement 


specified in Section 3. 
Tension Tests 


(a) The iron shall conform to the following minimum requirements 
as to tensile properties: 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee A-2 on Wrought Iron. 

*Accepted for publication as tentative by Committee E-10 on Standards, August 26, 1937. Ir 

‘Wrought iron is defined as follows in the Standard Definitions of Terms Relating to Wrot ight [ron 
Specifications (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: fined 

Wrought Iron.—A ferrous material, aggregated from a solidifying mass of pasty particles of highly re 


metallicjiron with which, without subsequent fusion, is incorporated a minutely and uniformly distributed 
quantity of slag. 
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Rounp, SQUARE RounbD, SQUARE 
RounpD, SQUARE AND HEXAGONAL AND HEXAGONAL 
AND HEXAGONAL Bars 1$ Bars 2$ AND 
BARS UNDER 1§ IN. AND UP TO BUT NOT OVER IN DIAMETER 
IN DIAMETER OR INCLUDING 29 IN. OR THICKNESS; 
THICKNESS IN DIAMETER OR ALL Fiat Bars 
THICKNESS AND SHAPES 


Tensile strength, min., lb. per sq. in. 48 000 47 000 46 0002. 
Yield point, min., lb. per sq.in.... 0.60 tens. str. 0.55 tens. str. 0.50 tens. str. — 
Elongation in 8 in., min., per cent.. 25 22 20 
Reduction of area, ‘min., per cent. 40 35 30¢ 

* When the sectional area exceeds 12 sq. in., the allowable minimum tensile strength shall be 45,000 Ib. 
= Foe sections less than i in. in thickness, no tension tests will be required. 
¢ For flat bars, shapes and sections less than # in. in thickness, no reduction of area test will be required. 


(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine. The speed of the crosshead of the 
machine shall not exceed j in. per min. before passing the yield point. 
Bend Tests 

6. (a) Cold-Bend Tesis——The test specimen shall stand being bent 
cold through 180 deg. around a pin, the diameter of which is equal to the 
thickness of the specimen, without fracture on the outside of the bend. 

For sections less than 3%g in. in thickness, no bend test will be required. 

(b) Hot-Bend Tests.— The test specimen, when heated to a temperature 
between 1700 and 1800 F. (925 to 980 C.) shall stand being bent through 180 
deg. flat on itself without fracture on the outside of the bent portion. 

(c) Nick-Bend Tests—The specimen, when nicked 25 per cent around 
for round specimens and along one side for rectangular specimens to a depth 
of not less than 8 nor more than 16 per cent of the diameter or thickness of 
the specimen and broken slowly, shall show a wholly fibrous fracture. 

(d) Bend tests may be made by pressure or by blows. 

Test Specimens 

7. Where practicable, tension and bend test specimens shall be the full 
section of material as rolled. Bars over 2 in. in diameter or thickness may 
be machined to a diameter of 1 in. for a length of at least 9 in. with enlarged 
ends. Test specimens for all structural shapes shall be machined from the 
tolled shapes into specimens of rectangular section. For flat bars‘the bend 
test specimen may be reduced to a width not less than the thickness of the 
bar; but in any case it is permissible to reduce the specimen to at least a 
one inch square. The edges of a machined specimen shall be rounded 
toa radius of in. 
Number of Tests . 

8. (a) One test each of ‘ome noted in Sections 5 and 6 ah be made 
on representative samples from each lot of 100 shapes or bars. Where 
small lots of different sizes are to be tested, the material shall be grouped 
into lots of 5000 Ib. or fraction thereof, without regard to size, and one test 
specimen representing each lot of 5000 Ib. or fraction thereof shall be 
tested as S specified i in Sections 5 and 6. 
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(b) If any of the specimens originally selected to represent a lot of 
material contains surface defects not visible before testing but visible after 
testing, or if a tension test specimen fails to meet the physical requirements 
of Section 5 and breaks outside the middle third of the gage length, as 
indicated by scribe scratches marked on the specimen before testing, th 
individual specimen shall be rejected and one retest from a different bar 
will be allowed. If the retest also fails, the product represented by such 
test will be rejected. 


Permissible Variations in Size and Weight 


9. (a) Round, square, and hexagonal bars shall not vary more than the 
limits given in the following table: 


NoMINat Size, PERMISSIBLE VARIATIONS IN SIZE, IN. 
Rounpb, SQUARE, AND HEXAGONAL BARS UNDER OVER 


Up to 3 in., inclusive 0.007 0.007 
Over } in. up to 1 in., i i : 0.010 
Over | in. up to 2 in., i i 

Over 2 in. up to 3 in., 


Over 3 in. up to 5 in., i 
Over 5 in. up to 8 in., i 

(b) The width or thickness of flat bars shall not vary more than 2 per 
cent from that specified. 

(c) Shapes.—The weights of each lot! of angles, tees, zees, channels, or 
other shapes in each shipment shall not vary from the weight ordered mor 
than the amounts given in the following table: a 

PERMISSIBLE 


VARIATIONS FROM 
SHAPES THICKNESS, IN. Nomina. WEIGHT 


Any dimension over 1} in rer 76 +4 per cent 
All dimensions 1} in. and less T 3 +5 per cent 
Any dimension over 1} in i and less +6 per cent 
i i 7s and less +7 per cent 
Finish 
10. The finished material shall be free from injurious defects and 
shall have a workmanlike finish. 


Inspection 


11. (a) The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the production of 
the material ordered. The manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the product is being 
furnished in accordance with these specifications. All tests and inspection 
(except check analyses) shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 


ae ! The term “lot” here means all of the shapes of each group dimension and group thickness shown in the 
able. 
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(}) The purchaser may make the tests to govern the acceptance or — 
rejection of material in his own laboratory or elsewhere. Such tests, 
however, shall be made at the expense of the purchaser. 


Rejection 


12. Material which shows injurious defects during fabrication sub- 
sequent to its acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. 


Rehearing 


13. Samples tested in accordance with Section 11 (5), which represent — 
rejected material, shall be preserved for two weeks from the date of the 
test report. In case of dissatisfaction with the results of the tests, the 
manufacturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS | 
FOR 


ALUMINUM-BASE ALLOYS IN INGOT FORM 
FOR SAND-CASTINGS! 


A.S.T.M. Designation: B 58-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of t 
Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED AS TENTATIVE, 1926; ADOPTED IN AMENDED Form, 1931; REISSUED As 
TENTATIVE, 1933; REVISED, 1937. 


By publication of these specifications, the American Society for Testing Materials does not 

undertake to insure anyone utilizing the specifications against liability for infringement of 

Letters Patent nor assume any such liability, and such publication should not be construed as 
a recommendation of any patented or proprietary application that may be involved. 


Scope 


1. These specifications cover commercial aluminum-base alloys in 
ingot form for remelting for the manufacture of sand castings. Th 
specific gravity of these alloys does not exceed 3.0. Twelve alloys are 
specified and are designated Alloys C, CC, F, G, GG, H, J, JJ, K, L, M 


and N (see Explanatory Note). 
Process 

2. The alloys may be made by any approved process. 
Quality 

3. The material covered by these specifications shall be of uniform 
quality and shall be free from dross, slag, and other harmful contamination. 
Chemical Composition 


4. The alloys shall conform to the chemical composition requirements 
specified in Table I. 


Sampling for Chemical Analysis 


5. (a) The sample for determining the chemical composition shall be 
taken by sawing, drilling, or milling the sample ingot in such a manner as 
to be representative of its average cross-section. 

(b) The saw, drill, or cutter used for taking the sample shall be thor- 
oughly cleaned. No lubricant shall be used in the operation, and the 
sawings or metal chips shall be carefully treated with a magnet to remove 
any particles of iron introduced in taking the sample. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee B-7 on Light Metals and Alloys, Cast and Wrought. : : ais 
These specifications are in effect a revision of and replace the former Standard Specifications for Alumise iy 
Base Sand-Casting Alloys in Ingot Form (A.S.T.M. Designation: B 58 - 31) which standard was accor e 
discontinued in 1933. 
(668) 
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Methods of Chemical Analysis 
6. The chemical analysis shall be made in accordance with the Tenta- 
tive Methods of Chemical Analysis of Aluminum and Light Aluminum 


Alloys (A.S.T.M. Designation: B 40-36 T) of the American Society for 
Testing Materials.' 


Number of Tests 


7. If the ingots are shipped in carloed lots of the same alloy, not less 
than five ingots shall be taken at random from the carload for sampling. 


CASTINGS. 


Nore 1.—Where single limits are shown in this table, these indicate the maximum amount permitted. 

Nore 2.—Analysis shall regularly be made only for the elements specifically mentioned in this table. If, however, the 
presence of other elements is indicated in the course of routine analysis, further analysis shall be made to determine that the 
total of these other elements is not present in excess of the limits specified in the last column of the table. 

Nore 3.—The following applies to all specified limits in this table: For purposes of acceptance and rejection, an observed 
value or a calculated value obtained from analysis should be rounded off to the nearest unit in the last right-hand place of figures 
used in expressing the specified limit. 


TaBLE I.—CHEMICAL COMPOSITIONS OF ALUMINUM-BASE ALLoy INGOTS FOR SAND- 


Aluminum, | Copper, Iron, Silicon, | Magnesium, | Manga-| Zinc, | Tita- | Nickel, | Total Other 
Alloy per cent percent | percent} percent per cent nese, | percent | nium, | percent | Impurities, 
per cent per cent max., per cent 


remainder | 7.0 40.8] 1.3 | 2.0 40.8| 0.05 03 |20 |... | .... {1.0 
remainder | 7.7 +0.5|1.04-0.2| 1.254-0.25| 0.05 o3 |o2 | | Jos 
remainder 10.0{ 1.3 0.25{ 0.2 | 02 |... | .... 

remainder | 4.5 +0.5| 0.8 |0.8{+9-4| 0.03 0.065 | 0.05 | 0.2 | .... | 0.05 each 


remainder | 4.5 0.8 0.3 


0.2 


0.2 
0.2 


-| remainder 


.| remainder 0.3 0.3 
.| remainder | 0.1 0.6 | 5.0) 0.05 0.05 | 0.05 | 0.2 | .... |0.05 each 
...{ remainder | 0.1 0.6 °+0.5| 0.05 02 |... | .... Joe 
remainder | 0.1 0.35 0.25 13.9 0.6 | 0.05 | 0.2 | |0.05 each 
remainder | 0.15 | 0.4 |7.0+40.5/03 +0.11 .... | 0.05 | 0.2 | |0.05 each 
‘| remainder | 1.2540.25] 0.4 |5.0+0.5/0.5 + 0.11 0.1 | 0.05 | 02 | lo 


* Total of all elements other than aluminum not to exceed 13.0 per cent. 
* Tron plus silicon not more than 1.8 per cent. 


If the shipment is in less than carload lots, one sample ingot shall be taken 
lor each 6000 Ib. (2721.6 kg.) or fraction thereof. When it is deemed 
necessary, a sample may be taken from each melt of 500 lb. (226.8 kg.) 
or more of the alloy. 


Inspection 


8. (a) Inspection may be made at the manufacturer’s works where 
the alloys are made, or at the point where they are received, at the option 
of the purchaser. 

(6) If the purchaser elects to have inspection made at the manufac- 
lurer’s works, the inspector representing the purchaser shall have free 
‘try, at all times while work on the contract of the purchaser is being 
petlormed, to all parts of the manufacturer’s works which concern the 


‘AS.T.M. Methods of Chemical Analyses of Metals, p. 95 (1936). 
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manufacture of the material ordered. The manufacturer shall afford 
the inspector, without charge, all reasonable facilities to satisfy him that 
the material is being furnished in accordance with these specifications. 
All tests and inspection shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 
Rejection 

9. Material which does not conform to the requirements of these 
specifications may be rejected, and if rejected shall be replaced by the 


manufacturer without charge to the purchaser. ‘The full weight of the 
rejected material shall be returned to the manufacturer. — 


Rehearing 


10. In the case of dissatisfaction regarding rejections based on quality 
or chemical composition requirements specified in Sections 3 and 4, the 
manufacturer may make claim for a rehearing as the basis of arbitration 
within five working days of receipt by the manufacturer of the ‘ejection 


notification. : 


Nore _—y properties and explanatory notes pertaining ‘to the alloys 
covered by these specifications when used in the form of sand castings are given in 
the Tentative Specifications for Aluminum-Base Alloy Sand Castings (A.S.T.M 
Designation: B 26-37 T) of the American Society for Testing Materials.' 


annua 
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TENTATIVE SPECIFICATIONS 
FOR 


ALUMINUM-BASE ALLOYS IN INGOT FORM FOR 
PERMANENT MOLD CASTINGS! 


A.S.T.M. Designation: B 112-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. —_— 


IssuED, 1937. 


By publication of these specifications, the American Society for Testing Materials does not 

undertake to insure anyone utilizing the specifications against liability for infringement of 

Letters Patent nor assume any such liability, and such publication should not be construed as 
a recommendation of any patented or proprietary application that may be involved. 


Scope 

1. These specifications cover commercial aluminum-base alloys in ingot 
form for remelting for the manufacture of permanent mold castings. 
The specific gravity of these alloys does not exceed 3.0. Thirteen alloys 
are specified and are designated Alloys 1, 1A, 2, 3, 4, 5, 6, 7, 8, 9, 9A, 10, 
and 11 (see Explanatory Note). 
Process 

2. The alloys may be made by any approved process. 
Quality 

3. The material covered by these specifications shall be of uniform 
quality and shall be free from dross, slag, and other harmful contamination. 


Chemical Composition 


4. The alloy shall conform to the chemical composition requirements 
specified in Table I. 


Sampling for Chemical Analysis 

5. (a) The sample for determining the chemical composition shall be 
taken by sawing, drilling, or milling the sample ingot in such a manner as 
to be representative of its average cross-section. 

(b) The saw, drill, or cutter used for taking the sample shall be thor- 
oughly cleaned. No lubricant shall be used in the operation, and the 
sawings or metal chips shall be carefully treated with a magnet to remove 
any particles of iron introduced in taking the sample. 


‘Under the standardization presetese of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee B-7 on ight Metals and Alloys, Cast and Wrought. 
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Methods of Chemical Analysis 

6. The chemical analysis shall be made in accordance with the Tenta- 
tive Methods of Chemical Analysis of Aluminum and Light Aluminum 


Alloys (A.S.T.M. Designation: B 40-36 T) of the America 
Testing Materials! 


n Society for 


Number of Tests 


7. If the ingots are shipped in carload lots of the same alloy, not less 
than five ingots shall be taken at random from the carload for sampling. 


TABLE J.—CHEMICAL COMPOSITIONS OF ALUMINUM-BASE ALLOY INGOTS FoR 
PERMANENT MOLD CASTINGS. 

Nore 1.—Where single limits are shown in this table these indicate the maximum amount permitted. 

Nore 2.—Analysis shall regularly be made only for the elements specifically mentioned in this table. If, however, the 
presence of other elements is indicated in the course of routine analysis, further analysis shall be made to determine that the 

total of these other elements is not present in excess of the limits specified in the last column of the table. 

Nore 3.—The following applies to all specified limits in this table: For purposes of acceptance and rejection, an observed 
value or a calculated value obtained from analysis should be rounded off to the nearest unit in the last right-hand place of figures 
used in expressing the specified limit. 

Nore 4.—Titanium is permissible in Alloys 3, 4, 9, 9A, and 10, but the maximum shall not exceed Q.2 per cent. 


Aluminum,| Copper, Tron, Silicon, | Magnesium, | Nickel, | Zine, Man- | Total Other 
Alloy per cent percent |percent| percent percent | percent|percent| ganese, | Impurities, 
percent |max., percent 
remainder | 4.54+9-4 | 0.8 | 2.540.4 0.3 
remainder | 4.5+9-4 | 0.8 | 2.549.4 [0.05 0.2 10.3 0.3 
remainder | 7.0+9-8 | 1.1 | 3.0+0.8 2.5 10.3 1.02 
remainder | 4.5+9-4 | 0.8 | 5.549.5 wou 1 0.5 
+0.7 +0.10] 0.3 0.4 10.25 0.3 
remainder 10.0{ 1.3 | 0.8 0.254 0.05 
remainder |10.149-6 | 1.0 | 4.040.5 0.25 wee | OS 
remainder | 1.049-4 | 1.1 [1140.15 |2.540.4) 0.1 |0.05 0.2 
remainder | 1.5+9-4 | 0.7 |12.340.6 |0.640.1 [0.05 0.4 |0.754.0.15} 03 
remainder | 0.2 0.6 |11.049-8 {0.05 0.5 
remainder | 0.3 0.6 | 6.0 
remainder | 0.1 0.6 | 5.0 0.05 
remainder | 0.15 0.4 | 7.0495 | 0.05 10.05 0.05 each 
0.2 
remainder | 4.0+-9.4 0.8 | 0.6 0.5 


* Total of all elements other than aluminum not to exceed 14.0 per cent 


If the shipment is in less than carload lots, one sample ingot shall be taken 
for each 6000 Ib. (2721.6 kg.) or fraction thereof. When it is deemed 


necessary, a sample may be taken from each melt of 500 Ib. (226.8 kg.) 
or more of the alloy. 


Inspection 


8. (a) Inspection may be made at the manufacturer’s works where 
the alloys are made, or at the point where they are received, at the option 
of the purchaser. 

(b) If the purchaser elects to have inspection made at the manufac- 
turer’s works, the inspector representing the purchaser shall have free 
1A.S.T.M. Methods of Chemical Analyses of Metals, p. 95 (1936). 
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entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern the | 
manufacture of the material ordered. The manufacturer shall afford the 
inspector, without charge, all reasonable facilities to satisfy him that the 

material is being furnished in accordance with these specifications. All 

tests and inspection shall be so conducted as not to interfere unnecessarily 

with the operation of the works. 


Rejection 
9. Material which does not conform to the requirements of these 
specifications may be rejected, and if rejected shall be replaced by the 
manufacturer without charge to the purchaser. ‘The full weight of the 
rejected material shall be returned to the manufacturer. 
Rehearing 
10. In the case of dissatisfaction regarding rejections based on quality 


within five working days of receipt by the manufacturer of the rejection 
notification. 


-ExpLanatory Note 


Note.—Supplementary data pertaining to the alloys covered by these specifica- 
tions when used in the form of permanent mold castings are given in the Tentative 
Specifications for Aluminum-Base Alloy Permanent Mold Castings (A.S.T.M. Desig- 
nation: B 108 - 37 T) of the American Society for Testing Materials.* 


1 See p. 674. 
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or chemical composition requirements specified in Sections 3 and 4, the 
manufacturer make claim for a as the basis of arbitration 
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TENTATIVE SPECIFICATIONS | 
FOR 


ALUMINUM-BASE ALLOY PERMANENT MOLD CASTINGS! 


A.S.T.M. Designation: B 108-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssSUED, 1936; REVISED, 1937. ° 


By publication of these specifications, the American Society for Testing Materials does not 
} pt to insure anyone utilizing the specifications against liability for infringement of 
Letters Patent nor assume any such liability, and such publication should not be construed as 


a recommendation of any patented or proprietary application that may be involved. 7 
Scope 
1. These specifications cover aluminum-base alloy permanent mold 
castings having a specific gravity of 3 or less. Eleven types of alloys are 
specified and are designated Alloys 1 to 11, inclusive. (See Table of Sup- 
plementary Data in the Appendix.) 
2. These specifications refer to castings of two classes: namely, 
Standard commercial quality for regular applications, and 
Class A alloys where the greatest freedom from impurities is 
required for special applications. 
Manufacture 


3. The finished castings shall be uniform in composition and free from 
blow holes, cracks, shrinks, and other injurious defects. 


Chemical Composition 


4. The alloys shall conform to the chemical composition requirements 
specified in Table I. 


Sampling for Chemical Analysis 


5. (a) The samples for chemical analyses shal] be selected as far as 
possible by heats or melts, unless otherwise mutually agreed upon by the 
manufacturer and the purchaser. 

(b) The sample for determining the chemical composition shall be 
taken by sawing, drilling or milling the casting or test specimen in such a 
manner as to be representative of the material on test. 

(c) The saw, drill, cutter, or other tool used for sampling the casting 
shall be thoroughly cleaned. No lubricant shall be used in the operation, 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee B-7 on Light Metals and Alloys, Cast and Wrought. _—=" 
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and the sawings or metal chips shall be carefully treated with a magnet to 
remove any particles of iron introduced in taking the sample. 


Method of Chemical Analysis 


6. The chemical analysis shall be made in accordance with the Tenta- 
tive Methods of Chemical Analysis of Aluminum and Light Aluminum 
Alloys (A.S.T.M. Designation: B 40-36 T) of the American Society for 


Testing Materials! 


7. The physical properties as determined from test specimens shall 
conform to the requirements specified in Table II except as noted. 


Physical Properties 


TABLE I.—CHEMICAL COMPOSITIONS OF ALUMINUM-BAsSE ALLOY PERMANENT MOLD 
CASTINGS. 


Nore 1.—Where single limits are shown these indicate the maximum amount permitted. 

Nore 2.—Analysis shall regularly be made only for the elements specifically mentioned in this table. If, however, the 
presence of other elements is indicated in the course of routine analysis, further analysis shall be made to determine that the total 
of these other elements is not present in excess of limits specified in the last column of the table. 

Nore 3.—The following applies to all specified limits in this table: For purposes of acceptance and rejection, an observed 
value or a calculated value obtained from analysis should be rounded off to the nearest unit in the last right-hand place of 
figures used in expressing the specified limit. 

Nors 4.—Titanium is permissible in Alloys 3, 4, 9, 9A and 10, but the maximum shall not exceed 0.2 per cent. 


Aluminum, | Copper, Iron, Silicon, Magnesium,| Nickel, | Zinc, | Manganese,| Total Other 
per cent percent |percent| percent percent |percent} percent | Impurities, 
max., per cent 


remainder | 4.5+-0.5 
remainder | 4.5+0.5 

.| remainder | 7.0+1.0 
remainder | 4.5+0.5 
remainder | 10.0+-0.75 
remainder | 10.0+-1.0 
remainder | 1.0+-0.5 
remainder | 1.5+0.5 
remainder 0.3 


remainder 0.4 


o 


.| remainder 0.1 


remainder 0.2 
remainder | 4.0+-0.5 


& 


& 
8 


* Total of all elements other than aluminum not to exceed 14.5 per cent. 


Test Specimens 


8. (a) The test specimens shall be separately cast in a permanent 
mold. The specimens shall have a gage section diameter of 0.505 in. + 
0.010 in., and a gage length of not less than 2} in. The radius of fillet shall 
be not less than 3 in. A larger radius is not objectionable. The gage 
section diameter may be slightly reduced in the middle to promote breaking 
in this area. 

(b) If the castings are to be heat treated, the test specimens repre- 
senting such castings shall be heat treated with the castings they repre- 
sent. They shall not be machined prior to test except to adapt the grip 
ends of the specimen to the jaws of the testing machine in such a manner 
4s to assure axial loading. 

*A.S.T.M. Methods of Chemical Analyses of Metals, p. 95 (1936). 
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Tension Tests 


9. The tensile properties shall be determined in accordance with the 
Standard Methods of Tension Testing of Metallic Materials (A.S.T.M. 
Designation: E 8) of the American Society for Testing Materials.' 


Number of Tests 


10. (2) The test specimens shall, so far as possible, be selected by 
heats or melts but, unless otherwise agreed upon by the purchaser or his 
representative and the manufacturer, two tension tests shall be made for 
each unit of 1000 Ib. or fraction thereof, of clean castings. 


TABLE II.—PuysicAL PROPERTIES OF ALUMINUM-BASE ALLOY PERMANENT MoLp 
CASTINGS. 


Note.—See Table of Supplementary Data in the Appendix. 


TENSILE STRENGTH, ELONGATION IN 21N, 
MIN., LB. PER SQ. IN MIN., PER CENT 
(To THE NEAREST (TO THE NEAREST 
CONDITION 1000 LB. PER SQ. IN.) 1 PER CENT) 


Heat Treatment No. 4.5 
Heat Treatment No. 12 
Heat Treatment No. 4.5 
Heat Treatment No. 12 


Heat Treatment No. 
Heat Treatment No. 


“Heat Treatment No. 
Heat Treatment No 
Heat Treatment No. 
Heat Treatment No. 


Heat Treatment No. 

Heat Treatment No. 

Heat Treatment No. 

Heat Treatment No. 
* For information only. 


(b) If any test specimen shows defective machining or flaws, it may 
be discarded; in which case the purchaser or his representative and the 
manufacturer shall agree upon the selection of another specimen in its stead. 


Retests 

11. If the results of the tension tests do not conform to the tensile 
properties specified in Section 7, the castings may be reheat-treated but 
not more than twice. The results of acceptable tests. shall conform to the 
tensile property requirements as specified in Section 7. 


Inspection 


12. (a) Inspection may be made at the manufacturer’s works where 
the castings are made, or at the point at which they are received, at the 
option of the purchaser. 


Standards, Part I, p. 833. 
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(b) The general requirements specified in Section 3 shall be checked 
by visual inspection of the castings or by comparison with observational 
standards where such standards are established. It is advisable that 
observational standards representing acceptable material be set up which 
will govern when any question arises as to what defects are allowable under 
the best commercial practice. 

(c) If the purchaser elects to have inspection made at the manufac- 
turer's works, the manufacturer shall afford the inspector representing the | 
purchaser all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests and inspection 
shall be so conducted as not to interfere unnecessarily with the operation 
of the works. 


Rejection 
13. Castings which show injurious defects revealed by machining 
operations subsequent to acceptance may be rejected, and if rejected shall 


be replaced by the.manufacturer without charge to the purchaser. The 


full weight of the original material rejected shall be returned to the 
manufacturer. 


Rehearing 


14. In the case of dissatisfaction regarding rejections based on chemical 
composition and tensile property requirements as specified in Sections 4 
and 7, respectively, the manufacturer may make claim for a rehearing as 
a basis of arbitration within a reasonable time after receipt by the manu- 
facturer of the rejection notification. 


APPENDIX | 


The data in the following table are approximate and are supplied for general 
information only: 


‘TABLE OF SUPPLEMENTARY DATA 


a Corrosion Casting Response Machin- 
Resistance | Properties | _to Heat Principal Use ability 
Gravity Treatment 
Good Good General, where high strength and fair} Good . 
ductility are required 
Good Good General, where high strength and high} Good 
‘ ductility are required. 
Fair Good { General, pte ten cylinder heads and |Excellent 
tors 
Fair Excellent General =? 
Fair Good Automotive pistons 
Fair : Good General 
Good Fair Pistons 
Good Fair Pistons 
Excellent | Excellent General thin sections 
Good Good General and cooking utensils 
Excellent Good General with maximum corrosion resist- 
ance. 
Excellent | Excellent General where high strength and corro-| Good 
sion resistance are req 
Good Fair Aircraft and Diesel engine pistons Good 


= 


1 

Alloy 
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TENTATIVE SPECIFICATIONS 

FOR 
ALUMINUM-BASE ALLOY SAND CASTINGS! 
A.S.T.M. Designation: B 26-37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
_ Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1918; ADOPTED IN AMENDED ForM, 1921; ReEvisED, 1931; 
REISSUED AS TENTATIVE, 1933; REVISED, 1936, 1937. 


undertake to insure anyone utilizing the specifications against liability for infringement of 
Letters Patent nor assume any such liability, and such publication should not be construed as 
a recommendation of any patented or proprietary application that may be involved. 


By publication of these specifications, the American Society for Testing Materials does not 


Scope 


1. These specifications cover aluminum-base alloy sand castings 

having a specific gravity of 3 or less. ‘Twelve alloys are specified and are 

designated Alloys C, CC, F, G, GG, H, J, JJ, K, L, M, and N (see 
Explanatory Notes). 


Manufacture 


2. The finished casting shall be uniform in composition and as free 
from blow holes, cracks, shrinks, and other injurious defects as the best 
commercial practice will permit. 

3. The responsibility of furnishing castings that can be laid out and 
machined to the finished dimensions within the specified tolerances as 
shown on the blueprints or drawings shall rest with the manufacturer, 
except where pattern equipment is furnished by the purchaser. Sufficient 
stock shall be allowed for shrinkage and, where required, for finishing; but 
castings of excessive size or weight shall not be furnished. 


Chemical Composition 


— 


4. The alloys shall conform to the chemical composition requirements 
specified in Table I. 
Sampling for Chemical Analysis 


5. (a) Samples for chemical analyses shall be selected as far as 
. possible by heats or melts, unless otherwise mutually agreed upon by the 
manufacturer and the purchaser. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee B-7 on Lig! t Metals and Alloys, Cast and Wrought. 


These specifications are in effect a revision of and replace the former Standard Specifications for Aluminum- 


pane Smee and Castings (A.S.T.M. Designation: B 26-31), which standard was accordingly discontinu 
in 1933. 
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taken by sawing, drilling or milling the casting or test specimen in such a 
manner as to be representative of the material on test. 
(c) The saw, drill, cutter or other tool used for sampling the casting 
shall be thoroughly cleaned. No lubricant shall be used in the operation, 
and the sawings or metal chips shall be carefully treated with a magnet to 
remove any particles of iron introduced in taking the sample. ; 


(b) The sample for determining the chemical composition shall be > 


TABLE I.—CHEMICAL COMPOSITIONS OF ALUMINUM-BASE ALLOy SAND CASTINGS. 
Norg 1.—Where single limits are shown, these indicate the maximum amount permitted. ae 

Nore 2.—Analysis shall regularly be made only for the elements specifically mentioned in this table. If, however, the 
presence of other elements is indicated in the course of routine analysis, further analysis shall be made to determine that the 
total of these other elements is not present in excess of the limits specified in the last column of the table 

Nore 3.—The following applies to all specified limits in this table: For purposes of acceptance and rejection, an observed 
value or a calculated value obtained from analysis should be rounded off to the nearest unit in the last right-hand place of - 
figures used in expressing the specified limit. 


: Man-| Titan-| Total Other 
Aluminum,| Copper, Silicon, | Magnesium,|ganese,| Zinc, | ium, | Nickel,| Impurities, 
per cent per cent per cent percent j|per cent|per cent|per cent|per cent|max., per cent 


remainder 0.25+0.10 0.3° 

..| remainder 0.05 each 
.-| remainder 0.2 

.+.| remainder 0.3 
..| remainder 0.3 


0.05 each 


0.2 
0.05 each 
0.05 each 

0.2 


.| remainder 


remainder 
remainder 
remainder 0.2 

remainder | 1.25+-0.25 


[+1 


a Oe! 


ooc 


ooo 


* Total of all elements other than aluminum not to exceed 13.5 per cent. 
> Iron plus silicon not more than 2.0 per cent. 


Method of Chemical Analysis 

6. The chemical analysis shall be made in accordance with the 
Tentative Methods of Chemical Analysis of Aluminum and Light Aluminum 
Alloys (A.S.T.M. Designation: B 40-36 T) of the American Society for 
Testing Materials.' 


7. The physical properties as determined fro 
conform to the requirements specified in Table II. 


Test Specimens 

8. (a) The test specimens shall be separately cast in green sand and 

be cast to size according to the dimensions shown in Fig. 1. 

(b) If the castings are to be heat treated, the test specimens repre- 
senting such castings shall be heat treated with the castings they represent. 
They shall not be machined prior to test except to adapt the grip ends of 


‘A.S.T.M. Methods of Chemical Analyses of Metals, p. 95 (1936). 
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_ the specimen to the jaws of the testing machine in such a manner as to 
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(b 


assure axial loading. by vis 
Tension Tests 
9. The tensile properties shall be determined in accordance with the =a 
Bees Methods of Tension Testing of Metallic Materials (A.S.T.M. the be 
Designation: E 8) of the American Society for Testing Materials.! (c 
Number of Tests factur 
10. (a) The test specimens shall, so far as possible, be _— by chargé 
_ heats or melts but, unless otherwise agreed upon by the purchaser or his furnis 
_ representative and the manufacturer, two tension tests shall be made shall | 
- for each unit of 500 lb. or fraction thereof. 


of the 
TABLE II.—PuHysICAL PROPERTIES OF ALUMINUM-BASE ALLOY SAND CASTINGS. 
Norg.—See Explanatory Notes. 


TENSILE STRENGTH, ELONGATION IN 21N,, 
MIN., LB. PER SQ. IN. MIN., PER CENT 
(To THE NEAREST (TO THE NEAREST 
CONDITION 1000 LB. PER SQ. PER CENT) 


Heat Treatment No. 1............ 6 
Heat Treatment No. 2............ 32 000 3 
Heat Treatment No. 3............ 36 00C a 


Heat Treatment No. 1............ 


Heat Treatment No. 2............ 30 000 3 
Heat Treatment No. 1............ 27000 40 
ee Heat Treatment No. 2............ 32000 2 


Heat Treatment No. 3............ 


* For information only. 
+ Not required. 


(b) If any test specimen shows defective machining or flaws, it may be 


discarded; in which case the purchaser or his representative and the Reje 
manufacturer shall agree upon the selection of another specimen in its stead. 
oper 
Retests be r 
11. If the results of the tension tests do not conform to the tensile full 
properties specified in Section 9, the castings may be reheat-treated but not man 


- more than twice. ‘The results of acceptable tests shall conform to the 


tensile property requirements as specified in Section 9. as 
Inspection com 
12. (a) Inspection may be made at the manufacturer’s works where te 


the castings are made, or at the point at which they are received, at the 
- option of the purchaser. 


11936 Book of A.S.T.M. Standards, Part I, p. 833. 
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(6) The general requirements specified in Section 3 shall be checked 
by visual inspection of the castings or by comparison with observational _ 
standards where such standards are established. It is advisable that — 
observational standards representing acceptable material be set up which _ 
will govern when any question arises as to what defects are allowable under 
the best commercial practice. 

(c) If the purchaser elects to have inspection made at the manu- 
facturer’s works, the manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests and inspection 
shall be so conducted as not to interfere unnecessarily with the operation 


Radius not less 


->| 


Nove : 

The Gage Length, Parallel Section and Fillets 
shall be as shown, but the Ends may be of any 
Shape to tit the Holders of the Testing Machine 
jn such a way, that the Load shall be Axial. 

In Order to promote the Breaking of the Speci- 
men in the Center it is permissible to use a Taper 
inthe Reduced Section from the Fillets tothe Cen- 
ter of not to exceed 0.0/0 in. 

[t is recommended, that Diameter d, be from 
1." 

Fic, 1.—Tension Test Specimen. 


Rejection 


13. Castings which show injurious defects revealed by machining 
operations subsequent to acceptance may be rejected, and if rejected shall 
be replaced by the manufacturer without charge to the purchaser. The 


full weight of the original material rejected shall be returned to the 
manufacturer. 


Rehearing 


14. In the case of dissatisfaction regarding rejections based on chemical 
‘omposition and tensile property requirements specified in Sections 6 and 
9, tespectively, the manufacturer may make claim for a rehearing as the 
basis of arbitration within five workin g days of receipt by the manufacturer 
of the rejection notification. 
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EXPLANATORY NOTES 


Alloy C.—The specific gravity of Alloy C is about 2.83 to 2.86. The pattern 
shrinkage is about 0.156 (¥;) in. per ft. It has somewhat better machining qualities 
than Alloy CC. It is used for about the same purposes as Alloy CC, particularly for 
automotive work, such as crank and transmission cases and similar parts. 

Alloy CC.—Alloy CC has a specific gravity of about 2.83. The pattern shrinkage 


is about 0.156 (#;) in. per ft. It supersedes the 8 per cent copper alloy without 


silicon as it possesses better casting characteristics, especially in the more difficult 
work where higher pouring temperatures than those usually employed are found 
necessary. The tendency towards cracks and shrinks is considerably overcome by 
the careful control of the iron and silicon contents. This alloy is used for general 


casting purposes. 


| 


4 


Alloy F—The specific gravity of Alloy F is about 2.90 and the pattern shrinkage 
about 0.156 (#5) in. per ft. This alloy is used for pistons, cylinder heads, valve guides, 
and bearings or other parts where hardness and good bearing qualities are essential. 
Together with Alloy H it possesses the property of retaining at higher temperatures a 
greater percentage of its room temperature strength than any other alloy in this 
group. This alloy may be heat treated, in which case substantially higher strength 
and hardness or other desirable characteristics are obtained. 

Alloy G.—Alloy G has a specific gravity of about 2.78. It is used for general 
casting purposes where a combination of lightness, higher strength and ductility is 
desired. The various strengths are obtained through different heat treatments. 
Heat Treatment No. 1 gives maximum elongation and resistance to shock. It isa 
solution heat treatment and may be specified where the most rugged service is required. 
On standing at room temperatures, the alloy age hardens over a period of a few months 
to develop mechanical properties approaching those of Heat Treatment No. 2. Heat 
Treatment No. 2 is a solution and precipitation heat treatment, and should be specified 
where a higher initial strength, yield strength and hardness are desired. Heat Treat- 
ment No. 3 should be specified where the highest strength and hardness are desired 
and lower ductility is not objectionable. This alloy with the various heat treatments 


_ is used in general for high strength parts in street cars and busses, parts for internal 


combustion engines, outboard motor parts and other marine castings. 

Alloy GG.—Alloy GG is used in the heat-treated condition where high strength 
and maximum hardness are desired, such as bearing caps. 

Alloy H.—The specific gravity of Alloy H is about 2.80. It is usually employed 
in the heat-treated condition. The alloy is used for pistons, cylinder heads, valve 


- guides and bearings or other parts where hardness or good bearing qualities are 


essential. Together with Alloy F it possesses the property of retaining at higher 
temperatures a greater percentage of its room-temperature strength than any other 
alloy in this group. 
Alloy J.—Alloy J is somewhat lighter than aluminum, having a specific gravity 
of about 2.69. It withstands corrosion better than the copper alloys. ‘The free 
flowing property of the alloy when molten makes it easier to pour castings of thin 


_ section or intricate design. Its leak proof properties are valuable where pressure 


{ 


tightness is essential. It has a lower strength and yield strength than the copper 
aluminum alloys and poorer machining qualities. It is especially suitable for auto- 
mobile body parts, cooking utensils, architectural and marine castings. 
Alloy JJ.—Alloy JJ is similar to Alloy J except that it is held to closer chemical 
composition limits which results in greater corrosion resistance. 
Alloy K.—The specific gravity of Alloy K is about 2.68. Immediately before 
pouring, the alloy is treated by a process called “modification.” Its corrosion 


resistan¢ 
can be 1 
machine 
of the c 
engine | 
meter 
All 
aluminu 
fact she 
is appre 
All 
qualitie 
Alloy J 
The all 
and aft 
No. 2. 
Ali 
casting 
casting: 
Treatm 
Treatm 
to be t 
conditi 


S 
| 
j 
4 
I 


SPECIFICATIONS FOR ALUMINUM ALLoy CASTINGS (B 26-37 T) 683 


resistance is good, especially to salt water. It has good foundry characteristics and 
can be used for castings having both thin and heavy sections. It is not as readily 
machined and has a lower yield strength in proportion to tensile strength than most 
of the copper-aluminum alloys. It is used for marine castings, bus, street car and 
engine parts, and for thin castings such as radiators, small motor housings and 
meter cases. 

Alloy L.—Alloy L has the highest resistance to corrosion of any of the commercial 
aluminum casting alloys. It is not so easily cast as some of the other alloys, which 
fact should be considered when designing complicated castings. Its specific gravity 
is approximately 2.63. 

Alloy M.—The specific gravity of Alloy M is approximately 2.65. It has casting _ 
qualities and resistance to corrosion comparable with those of Alloy J (see Note on 
Alloy J). Its higher mechanical properties result from heat treatment processes. 
The alloy in Heat Treatment No. 1 age hardens on standing at room temperatures 
and after a few months its mechanical properties approach those of Heat Treatment 
No. 2. 

Alloy N.—Alloy N has a specific gravity of approximately 2.68. It has good 
casting qualities. It is used extensively for liquid cooled cylinder heads and other 
castings which are subjected to elevated temperatures in service. ‘The alloy in Heat 
Treatment No. 1 age hardens and develops properties approaching those of Heat 
Treatment No. 2. Heat Treatment No. 3 is applied principally to castings which are 
to be used at high temperatures and serves to stabilize the dimensions under those — 


-_ 
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to pass 
COPPER AND COPPER-ALLOY SEAMLESS CONDENSER specifica 
TUBES AND FERRULE STOCK' (b) 

recrystal 

A.S.T.M. Designation: B 111 37 T 
: This is a Tentative Standard and under the Regulations of the Society is subject to 4 
annual revision. Suggestions for revision should be addressed to the Headquarters of the eo 
Society, 260 S. Broad St., Philadelphia, Pa. — chemica 

IssuED, 1937. 
By publication of these specifications, the American Society for Testing Materials does not Alloy 


undertake to insure anyone utilizing the specifications against liability for infringement of 
Letters Patent nor assume any such liability, and such publication should not be construed as 
a recommendation of any patented or proprietary application that may be involved. 


Scope 

1. These specifications cover seamless tubes and ferrule stock of 
various copper alloys, for use in surface condensers, evaporators, and heat 
exchangers. 

2. The tubes shall be cold worked to size from an alloy made from 
lake or electrolytic copper in combination with one or more of the following 
elements conforming to the requirements of standard specifications of the 
American Society for Testing Materials, as follows: 

- (a) Lake or Electrolytic Copper.—-Standard Specifications for Lake 


Copper Wire Bars, Cakes, Slabs, Billets, Ingots and Ingot Bars (A.S.T.M. ot clip 
Designation: B 4)? or for Electrolytic Copper Wire Bars, Cakes, Slabs, ae 
Billets, Ingots and Ingot Bars (A.S.T.M. Designation: B 
(b) Zinc, No. 1 High Grade—Standard Specifications for Slab Zinc , nn 
(Spelter) (A.S.T.M. Designation: B 6).‘ one 101 
(c) Tin.—Straits” tin or its equivalent. Micros 


(d) Nickel, Electrolytic Grade.—Standard Specifications for Nickel 


6. 
(A.S.T.M. Designation: B 39 ).5 test, e 
(ce) Aluminum, Grade 99.5.—Standard Specifications for Aluminum sete 1 
Ingots for Remelting (A.S.T.M. Designation: B 24).® in ave 
1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of when 
the A.S.T.M. Committee B-5 on Copper and Copper Alloys, Cast and Wrought. lard Speci- il 
These specifications are in effect a revision and consolidation of, and replace the former Standar Monts unifor 
fications for Seamless Admiralty Condenser Tubes and Ferrule Stock (B 44-33), and for sen: tent 
Metal Condenser Tubes and Ferrule Stock (B 56 — 33), and also the former Tentative Specifications for singly ( 
Copper-Nickel Alloy Condenser Tubes and Ferrule Stock (B 104 - 36 T), which specifications were accor = 
discontinued in 1937. ongit 
2 1936 Book of A.S.T.M. Standards, Part I, p. 526. th 
[bid., p. 531. elo 


§ 1936 Book of A.S.T.M. Standards, Part I, p. 684. 


41937 Supplement to Book of A.S.T.M. Standards, p. 43. 
[bid., p. 524. 
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(f) Scrap shall not be used except such as may result from the manu- 
facture of articles of the same composition. 


Manufacture 

3. (a) Condenser tubes shall be so processed as to enable the tubes 
to pass the physical and metallographic tests prescribed in these 

cifications. 

(b) Tubes for ferrule stock shall be annealed sufficiently to be fully 
recrystallized, but are not subject to the expanding test specified in Section 7. 


Chemical Composition 
4. The material shall conform to the following requirements as to 
chemical composition (see Explanatory Note): 


Lead, | Iron, 
Copper,* in, Aluminum,| Nickel, max., | max., Zine, 
per cent per cent/per cent} per cent 


0 to 3 remainder 
: remainder 
remainder 
remainder 


29.0 to 33.0 


19.0 to 23.0 
19.0 to 23.0 


0.15 to 0.75 


copper. 
Tf agreed upon fon the manufacturer and the purchaser, these alloys may contain a maximum of 0.25 per cent antimony or 
izarinum of 0.1 per cent arsenic. 


Sample for Chemical Analysis 

5. The sample for chemical analysis shall consist of drillings, millings, 
or clippings taken from two separate tubes from each lot of 600 tubes or 
fraction thereof, equal quantities being taken from each tube and thoroughly 
mixed. Samples so prepared shall be divided into three equal parts, each 
of which shall be placed in a sealed package, one for the manufacturer, 
one for the purchaser, and one for an umpire, if necessary. 


Microscopic Examination 

6. (a2) A microscopic examination of the annealed tubes selected for 
lest, except those of Muntz metal, shall show sufficient annealing for com- 
plete recrystallization with a uniform grain size not in excess of 0.045 mm. 
in average diameter. Muntz metal tubes shall have been so annealed that 
vhen magnified at 75 diameters a properly prepared specimen shall show 
uniform and complete recrystallization. 

(6) The test specimen for the microscopic examination shall be a radial 
ongitudinal section of the tube made by cutting along a plane containing 
the longitudinal axis of the tube 
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(c) The determination of grain size shall be made by comparison of 
micrographs representing the specimens selected for test with micrographs 
of standard specimens for which the grain size has been accurately deter 
mined. ‘The magnification in all such micrographs shall be 75 diameters 
The standard micrographs*shall be taken from specimens, the grain siz 
of which has been determined by Jeffries’ method for grain size measure. 
ments, as described in the Standard Rules Governing the Preparation of 
Micrographs of Metals and Alloys, Including Recommended Practice for 
Photography as Applied to Metallography (A.S.T.M. Designation: E 2) of 
the American Society for Testing Materials, at a magnification of 250 
diameters. Reproductions of micrographs so prepared are shown in Plate II 
in the Standard Rules E 2.! 


Expanding Test 


7. (a) The annealed tubes selected for test shall be capable of standing 
the following test without showing signs of cracking or rupture: A pin 
having a taper of 1} in. per ft. shall be driven into the tube until the inside 
diameter at one end has been increased 20 per cent. The foregoing applies 
to all alloys except Muntz metal and copper nickel, which shall be required 
to withstand an expansion of 15.0 and 30.0 per cent, respectively. 

(b) Hard-drawn tubes other than copper and arsenical copper are not 
subject to this test unless specified end-annealed. 


Strain Test 


8. A test specimen 6 in. in length shall stand, without cracking, an 
immersion for 15 min. in an aqueous mercurous-nitrate solution containing 
100 g. of mercurous nitrate and 13 ml. of HNOs (sp. gr. 1.42) per liter of 
solution. In the case of hard-drawn tubes, end-annealed, the test specimen 
shall be cut from the central unannealed portion of the tube. 


Hydrostatic Test 


9. Each tube shall stand an internal hydrostatic pressure of 1000 lb. 
per sq. in., without leakage. 


Number of Tests 


10. Tubes shall be grouped into lots of 600 tubes or fraction thereof. 
Two tubes shall be selected from each lot and subjected to the physical 
tests specified in Sections 6 to 8, inclusive. 


Retests 


11. If any test specimen representing a lot fails to meet the require: 
ments of Sections 4, 6 and 7, two additional specimens, at the option al 
the manufacturer, may be taken as before, and submitted for check analysis 
or subjected to any tests in which the original specimen failed, but each 
of thesé specimens shall conform to the requirements specified. 
11936 Book of A.S.T.M. Standards, Part I, p. 763. 
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Permissible Variations in Dimensions and Weight 


12. (a) Diameter—-The outside diameter of the tubes shall not vary _ vary P 
from that specified by more than the following amounts, as measured by 
“go” and “no go’ ’ ring gages: 

NomINAL DIAMETER, IN. PERMISSIBLE VARIATION,® IN. 

Up to 0.500, incl ; 

Over 0.500 to 0.740, incl 

Over 0.740 to 1.000, incl 


Over 1.000 to 1.250, incl 
Over 1.250 to 1.500, incl 


* For copper-nickel tubes the permissible variation in each size class shall be --0.0005 in. larger than the 
tolerances in the above table. 


(b) Thickness.—No tube at its thinnest point shall be less than the 
thickness specified. 

(c) Length— The length shall be not less than that ordered, when 
measured at a temperature of 20 C. (68 F.), but may be more than that 


ordered by the amounts in the following table: 


PERMISSIBLE 
ORDERED LENGTH, FT. VARIATION, IN. 


Up to 15, incl 
Over 15 to 20, incl 


(d) Weight.—No lot of tubes shall exceed the calculated weight by 
more than 5.0 per cent. One cubic inch of the various alloys covered by 


these specifications shall be assumed to weigh: 


Unit WEIGHT, 
ALLoy LB. PER CU. IN. 


Muntz metal - 303 
Admiralty - 308 
.316 
.301 
.323 
80-20 copper-nickel.... 

Copper 

Arsenical copper .323 
Workmanship 


13. The tubes shall be round, straight, and uniform in thickness 
throughout. They shall be free from cracks, seams, slivers, scale, and other 
wurface defects, both inside and outside. 

Finish 

14. All tubes shall be bright annealed or acid cleaned after the final 

imealing, unless otherwise specified. 


laspection 

15. The manufacturer shall afford the inspector, without charge, all 
tasonable facilities to satisfy him that the tubes are being furnished in 
‘cordance with these specifications. All tests ( except check analyses) 
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and inspection shall be made at the place of manufacture, prior to ship 
ment, unless otherwise specified, and shall be so conducted as not to inter 
fere unnecessarily with the operation of the works. 


EXPLANATORY NOTE 


Nore.—Individual manufacturers of condenser tubes offer modifications of the 
types of alloys covered by these specifications. Some of these are proprietary alloys 
and many are sold under a trade-mark. These specifications may be considered as 
covering these special alloys when the change in analysis is specifically agreed upon 
by both the manufacturer and the purchaser, or when the purchaser waives adherence 
to stipulations of Section 4. 
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TENTATIVE SPECIFICATIONS 
FOR 


COPPER-SILICON ALLOY WIRE FOR GENERAL PURPOSES! 


A.S.T.M. Designation: B 99 - 37 T 


as This is a Tentative Standard and under the Regulations of the Society is subject to 
pon annual revision. Suggestions for revision should be addressed to the Headquarters of the 
nce Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1935; REVISED, 1935, 1936, 1937. 
' ; By publication of these specifications, the American Society for Testing Materials does not 


undertake to insure anyone utilizing the specifications against liability for infringement of 
Letters Patent nor assume any such liability, and such publication should not be construed as 
a recommendation of any patented or proprietary application that may be involved. _ 
Scope 
1. These specifications cover round copper-silicon alloy wire for general 
structural purposes except for electrical transmission cable. 


Manufacture 


2. The material shall be copper-silicon alloy of such quality and purity 
that when finished, it shall have the properties and characteristics herein 


specified. 
CHEMICAL PROPERTIES AND TESTS - 


Chemical Composition 
3. (4) The material shall conform to the following requirements as 
to chemical composition: 


A Tyre B Type C Type D 
Copper, min., per cent..... 94.80 95.00 90.00 90.00 
Silicon, per cent........... 2.70 to 3.75 0.70to 1.75 2.30to 3.75 1.00to 3.75 
One or more of the following ele- 
ments may be present within 
the limits specified below: 
Manganese, max., per cent. 1.50 (0.75 1.50 1.50 
Zinc, max., per cent....... 1.75 1.25 4.25 4.25 
‘On, Max., per cent....... 1.60 — 0.80 : 1.60 1.60 
Tin, max., per cent........ 0.75 .: an 1.50 2.25 
Aluminum, max., per cent. . 2.08 
Lead, max., per cent....... 0.05 0.05 0.05 
Sum of above elements, min. 
99.50 99.50 99.50 99.50 


* Either tellurium or selenium may be substituted in Type D alloy in place of lead and in the same 
amount as that specified for lead. 


as onder the standardization procedure of the Society, these specifications are under the jurisdiction of the 
4.9.T.M, Committee B-5 on Copper and Copper Alloys, Cast and Wrought. 
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Chemical Analysis 

4. (a) Chemical analysis shall be made on each lot of 5000 Ib. o 
fraction thereof. 

(b) The sample for chemical analysis shall consist of clean drillings 
millings or clippings taken from representative specimens of wire selected 
for purpose of tests. Equal quantities from each of the specimens sampled 
shall be thoroughly mixed. Samples so prepared shall be divided into three 
equal parts, one for the manufacturer, one for the purchaser, and one for 
an umpire, if necessary. 

PHYSICAL PROPERTIES AND TESTS _ 
Physical Properties 

5. (a) The material shall conform to the requirements as to physical 
properties shown in Table I. 

(b) Tests upon a specimen of wire containing a braze or weld shall 
show at least 95 per cent of the tensile strength of the unbrazed wire. Bend 
tests shall not be made upon specimens including brazes or welds. 

Bend Test 


6. All wires of Types A, B, and C alloys shall stand wrapping 360 deg. 
around a wire of the same diameter without sign of failure. This test shall 
not be required of material of Type D. 

Grain Size Determination . 


7. In determining grain size, reference should be made to the Standard 
Rules Governing the Preparation of Micrographs of Metals and Alloys, 
Including Recommended Practice for Photography as Applied to Metal- 
lography (A.S.T.M. Designation: E 2) of the American Society for Testing 
Materials.’ 

Number of Tests 


8. (a) Two tension test specimens and one specimen for the bend test 
or grain size determination, where required, shall be selected from each lot 
of 10,000 Ib. or fraction thereof. ‘Tension and bend tests shall be made on 
full sections of the wire. 

(b) If upon testing a specimen from any coil of wire the results are 
found to be below the values specified in Sections 5 and 6, tests upon two 
additional specimens shall be made and the average of the three tests shall 
determine the acceptance or rejection of the coil. 


DIMENSIONS AND PERMISSIBLE VARIATIONS 
Dimensions and Permissible Variations 
9. (a) The size shall be expressed as the diameter of the wire in decimal 
fractions of an inch, using not more than three places of decimals; that 1s, 
in mils. 


11936 Book of A.S.T.M. Standards, Part I, p. 763. 
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TEMPER PHYSICAL PROPERTIES IN DIAMETER IN DIAMETER 
Types A, C anp D ALLoy WIRE 
Grain size, max.,mm........... 0.0402 0.0402 
Tensile strength, lb. per sq. in... 55000 to 70000 55 000 to 65 000 
Annealed.....--- Elongation in 2 in., min., per cent 40 47 
Elongation® in 10 in., min., 
d ; Tensile strength, lb. per sq. in... 62 000 to 78 000 62 000 to 78 000 > 
xe — 4. Elongation ° in 2 in., min., per cent 20 28 
Eighth-hard. . ... Elongation® in 10 in., mir., 
Tensile strength, lb. per sq. in... 72000 to 85000 72000 to 85 000 > 
Elongation ° in 2 in., min., per cent 15 18 
Quarter-hard..... Elongation® in 10 in., min., 
Tensile strength, min., lb. per 
a 90 000 90 000 
Half-hard........ Elongation °in 2 in., min., per cent + 10 
Il Elongation® in 10 in., min., 
id Tensile strength, min., lb. per 
. 115 000 115 000 
Hard............ 4 Elongation ° in 2 in., min., per cent 2 6 
Elongation® in 10 in., min., 
o" Tensile strength, min., lb. per 
ll 135 000 130 000 
Spring¢.......... 4 Elongation in 2 in., min., per cent 1.5 
Elongation® in 10 in., min., 
rd Type B ALLoy WIRE 
Grain size, max., 0.040 0.0407 
Ss, Tensile strength, lb. per sq. in... 43 000 to 50000 43000 to 50000 © 
|. Annealed........ Elongation ° in 2 in., min., per cent 33 400 —” 
Elongation® in 10 in., min., 
1g 25 
Tensile strength, Ib. per sq. in... 50000 to 60000 50000 to 60 000 
. Elongation ° in 2 in., min., per cent 12 20 
Bighth-hard...... Elongation® in 10 in., min., 
t Tensile strength, lb. per sq. in... 60000 to 75000 60000to 75000 
0 Quarter-hard Elongation ° in 2 in., min., per cent 8 15 
Elongation® in 10 in., min., 
Tensile strength, min., lb. per 
re 75 000 75 000 
0 Half-hard........ Elongation ° in 2 in., min., per cent 4 10 
ane Elongation® in 10 in., min., 
Tensile strength, min. lb. per _ 
90 000 90 000 
Hard.. ..+.. 4 Elongation 2 in., min., per cent 3 8 
Elongation® in 10 in., min., 
0.75 
al Tensile strength, min., lb. per 
1S, Elongation in 2 in., min., per cent 2 6 
Elongation® in 10 in., min., 


* No minim 
Elongati 
*On wire 


The term .“Spring Temper” does not necessarily indicate a reduction of eig 


on these all 


A.S.T.M. DESIGNATION: B 99 37 T 


TABLE I.—PHYSICAL PROPERTIES OF COPPER-SILICON ALLOY WIRE. 


Oy wires as in the case of brass. 


um grain size requirement is specified but all annealed material shall be fully recrystallized. 
on may be determined in either the 2-in. or 10-in. gage length but not in both in any instance. 
over } in. in diameter the percentage of elongation shall be taken p= 3 


Up To } In., INCL., Over } 


in 2 in. 
t B. & S. gage numbers 


45 
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SPECIFICATIONS FOR COPPER-SILICON ALLOY WIRE 
(b) Wire shall be accurate in diameter; permissible variations from 
the nominal diameter shall be within the following requirements: 


PERMISSIBLE VARIATION 
Wire DIAMETER OvER Unper 


0.001 in. 0.001 in. 
0.010 in. and over 1 per cent 


(c) Each coil shall be gaged at three places, one near each end and one 
approximately at the middle; the coil may be rejected if the measurements 
at two points being within the accepted limits, the measurement at the 
third point is not within the accepted limits. 


WORKMANSHIP AND FINISH 
Workmanship and Finish 
10. (a) The wire shall be free from all imperfections not consistent 
with the best commercial practice. 
(b) Necessary brazes in wire shall be made in accordance with the 


best commercial practice. 
PAcKING 


Packing 

11. (a) Package sizes for wire shall be agreed upon by the manufac- 
turer and purchaser in the placing of individual orders. 

(6) The wire shall be protected against damage in ordinary handling 
and shipping. 


INSPECTION AND REJECTION 
Inspection 


12, The manufacturer shall afford the inspector representing the pur- 
chaser, without charge, all reasonable facilities to satisfy him that the 
material is being furnished in accordance with these specifications. 


Rejection 
13. Material which fails to conform to these specifications will be 
rejected and the manufacturer shall be notified. 
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TENTATIVE SPECIFICATIONS 
FOR 


HARD-DRAWN COPPER ALLOY WIRES FOR ELECTRICAL 
CONDUCTORS! 


A.S.T.M. Designation: B 105 — 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1936; REVISED, 1937. 

By publication of these specifications, the American Society for Testing Materials does not 
undertake to insure anyone utilizing the specifications against liability for infringement of 
Letters Patent nor assume any such liability, and such publication should not be construed as 

a recommendation of any patented or proprietary application that may be involved. 
Scope 


1. These specifications cover hard-drawn round copper alloy wires — 
for electrical conductors. 


Material 


2. The material used shall be copper alloy of such nature and composi- 
tion as to secure by proper treatment the qualities hereinafter specified for 
the finished wire. ‘The copper used shall be electrolytic or low-resistance 
lake copper conforming in quality and purity to the requirements of either 
the Standard Specifications for Electrolytic Copper Wire Bars, Cakes, 
Slabs, Billets, Ingots, and Ingot Bars (A.S.T.M. Designation: B 5)? or 
of the Standard Specifications for Lake Copper Wire Bars, Cakes, Slabs 
Billets, Ingots, and Ingot Bars (A.S.T.M. Designation: B 4)* of the Amer- 
ican Society for Testing Materials. 


Grades 


3. The copper alloy wires may be made in any one of ten distinct 
grades. The alloys have been designated as Grades Nos. 9 to 85, in accord- 
ance with their increasing conductivity, as follows: | : 


Grade No. 9 
Grade No. 13 
Grade No. 15 
Grade No. 20 
Grade No. 30 
Grade No. 40 


the agndes the standardization precedure of the Society, these specifications are under the jurisdiction of 


-M. Committee B-1 on Copper and Copper Alloy Wires for Electrical Conductors. 
of A.S.T.M, Standards, Part I, p. 531. 
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Grade No. 55 
Grade No. 65 
Grade No. 80 
Grade No. 85 


4. (a) The copper alloy wires shall conform to the following require. 
ments as to chemical composition. The values given below embrace 
limits of composition of the different alloys which may be supplied (se 

_ Explanatory Note): 


Silicon, max., per cent 

Manganese, max., per cent 

Tin, max., per cent 

Aluminum, max., per cent 

Cadmium, max., per cent 

Iron, max., per cent 

Copper, min., per cent 

Sum of the above elements, min., per cent 

(b) The maximum percentage of the various alloying elements to be 

found in any one of the ten grades is stated in the table in Paragraph (a). 
If the purchaser elects to check the composition of any material supplied 
to meet the performance requirements of any one of the above ten grades, 
the composition limits should be made the subject of a definite agreement 
between the manufacturer and purchaser in the placing of each individual 


order. 


Chemical Analyses 

5. Analyses may be made on each lot of 5000 Ib. or fraction thereot 
Millings or clippings shall be made from at least ten separate coils. Equal 
quantities shall be taken from each coil and shall be thoroughly mixed 
together. Samples so prepared shall be divided into three equal parts, 
each of which shall be placed in a sealed package, one for the manufacturer, 
one for the purchaser, and one for an umpire, if necessary. 


Joints 
6. Welds and brazes may only be made in rods or in wires prior t 
final drawing. 


_ Tensile Strength and Elongation 

; 7. (a) The alloy wire of a designated grade shall be so drawn that 
its tensile strength and elongation shall be at least equal to the values 
given in Table I. Tension tests shall be made upon fair samples. Tht 
elongation of wire larger than 0.204 in. in diameter shall be determined 
as the permanent increase in length, due to the breaking of the wire 0 
tension, measured between bench marks placed upon the wire originally 
10 in. apart. The elongation of wire 0.204 in. or smaller in diameter 91 
be determined by measurements made between the jaws of the testilé 
machine. The zero length shall be the distance between the jaws whe 
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a load equal to 10 per cent of the specified tensile strength shall have been 
applied, and the final length shall be the distance between the jaws at the 
time of rupture. The zero length shall be as near 60 in. as possible. The 
fracture shall be between the bench marks in the case of wire larger than 
0.204 in. in diameter and between the jaws in the case of smaller wire, 
but not closer than 1 in. to either bench mark or jaw. 

(b) If upon testing a sample from any coil of wire the results are 
found to be below the values stated in Table I, tests upon two additional 
samples shall be made and the average of the three tests shall determine 
the acceptance or rejection of the coil. For wire whose nominal diameter 
is between listed sizes, the requirements shall be those of the next larger 
size given in Table I. ! 


TABLE I.—MINIMUM REQUIREMENTS FOR TENSILE STRENGTH AND ELONGATION. 


Area Tensile Strength, min., lb. per sq. in. Elongation, 
min., per cent 


Square Inch} Nog, Nos. in 10 in. | in 60 in. 


0.06573... 68500} 2. 
0.05213... 77 800 | 68 500 | 73 500 y 


& 


3 
$3833 88825 

38833 
Beeee 


(c) Tests upon a section of wire containing a drawn joint shall show 
at least 95 per cent of the tensile strength of the unjointed wire. Elonga- 
tion tests are not to be made upon test sections including joints. 

Resistivity 

8. Electric resistivity shall be determined upon fair samples by resist- _ 
ance measurements. The resistivity at a temperature of 20 C. (68 F.) 
shall not be more than the values shown for the designated grade, as follows: 

MAXIMUM RESISTIVITY, 


MAXIMUM RG&SISTIVITY, OHMS PER CIRCULAR 
POUNDS PER MILE OHM MIL FOOT 


. 
race 
(see 
mils 
be ie ang ZU YO. NO. YO. YO. NO. 50 
0.2576 
dlied 0.2204 | 52640 79 
0.2043 | 41740 | 0.03278... .] 115 200 | 121300 | 89000 
ides, 0.1819 | 33 100 | 0.02600... 117 200 | 123 300 | 92.500 ~ 
nent 0.1620 | 26250 | 0.02062....| 119000 | 125000 | 94800 : : 
0.1443 | 20820 | 0.01635... .| 120300 | 126500 | 96500 
dual 0.1285 | 16610 | 0.01297....| 121 600 | 127900 | 97900 
0.1144 | 13090 | 0.01028. ...| 122 800 | 129200 | 99 000 
0.1019 | 10380 | 0.008155... .| 123 900 | 130300 | 100 100 Cl : 
0.00074 | $234 | 0.006467. ..| 124 800 | 131 200 | 101 200 
0.08081 | 6530 | 0.005129. . .| 125 600 | 132 000 | 102 200 lo, 
0.07196 | 5178 | 0.004067. ..| 126 200 | 132 600 | 103 000 4 
reo. 0.06408 | 4107 | 0.003225. . .| 126 700 | 133 200 | 103 700 
a 0.05707 | 3257 | 0.002558. ..| 127 200 | 133 600 | 104 400 - ; 
4 0.05082 | 26583 | 0.002028. ..| 127 500 | 134.000 | 105 200 
nixed 0.04526 | 2048 | 0.001609. . .| 127 800 | 134 250 | 105 900 
0.04030 | 1624 | 0.001276. . .| 128 000 | 134 500 | 106 600 
arts 0.03589 | 1288 | 0.001012. . .| 128 200 | 134 750 | 107 300 
ete 0.03196 | 1022 | 0.0008023. .| 128 500 | 135 000 | 108 000 
or 
that 
alues 
The = 
nined GRADE 
W | 15.96 
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Permissible Variations in Diameter | 


9. (a) The size shall be expressed as the diameter of the wire in decimal 
fractions of an inch, using not more than three places of decimals; that is, ten 61 
in mils. analy 


(b) Wire is expected to be accurate in diameter; permissible variations pr 
from nominal diameter shall be as follows: comp 
Over UNDER 
For wire 0.057 in. in diameter and larger........... 3 percent 1 per cent os 

For wire less than 0.057 in. in diameter............ 1 mil mil 


(c) Each coil may be gaged at three places, one near each end and 
one approximately at the middle; the coil may be rejected if two points 
being within the accepted limits, the third point exceeds 4 per cent over, 
or 2 per cent under the nominal gage in the case of wire 0.057 in. in diameter 
or larger; or if the third point exceeds 14 mils over or under the nominal 
gage in the case of wire less than 0.057 in. in diameter. 


Density 


10. For the purpose of calculating weights, cross-sections, etc., the 
density of the various alloys shall be taken as follows, based on a tempera- 
ture of 20 C. (68 F.): 


¢ 
GRADE - DENSITY 
8.78 g. per cu. cm., (0.3172 Ib. per cu. in. 
No. 15¢ 8.54 g. per cu. cm., (0.3085 Ib. per cu. in. 
© eee eee 8.89 g. per cu. cm., (0.3212 lb. per cu. in. 
Nos. 20, 30, 40, 55, 65, 80 and 85............ 8.89 g. per cu. cm., (0.3212 lb. per cu. in.) 


* The lower density value shall be used for alloys of the copper-tin-aluminum type. The higher density 


value shall be used for the copper-tin alloys. : 


11. The wire shall be free from all imperfections not consistent with 
the best commercial practice. 


Packing and Shipping 


12. (a) Package sizes for round wire shall be agreed upon in the 
placing of individual orders. 

(6) The wire shall be protected against damage in ordinary handling 
and shipping. 


Finish 


Inspection 

13. All testing and inspection shall be made at the place of manufacture. 

- The manufacturer shall afford the inspector representing the purchaser all 
reasonable facilities to enable him to satisfy himself that the material con- 


forms to the requirements of these specifications. 
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EXPLANATORY NOTE 


Nore.—It is the intention of these specifications to permit under each of the 
ten grades listed in Section 3 any commercial alloy coming within the total range of 
analysis given in Section 4, provided the product complies with the other requirements 
of these specifications. For purposes of information only, the types of alloy now 
commonly used for each of the several grades are listed below. The chemical 
composition of any of the materials shall be within the total range required in Section 4, 
but in no case will the alloy contain the allowed maximum of more than one constituent 
other than copper. 


ALLoy Type 
Copper, Silicon, Iron 
Copper, Silicon, Manganese 
Copper, Silicon, Zinc 
Copper, Silicon, Tin, Iron 
_ Copper, Silicon, Tin, Zinc 
{ Copper, Tin, Aluminum 
, Copper, Tin, Silicon 
| Copper, Tin, Silicon, Aluminum 
Copper, Silicon, Aluminum 
Copper, Tin 
Copper, Tin, Aluminum 
| Copper, Tin, Aluminum, Silicon 
Copper, Tin, Silicon 
Copper, ‘Tin 
Copper, Tin 
J Copper, Tin 
| Copper, Tin, Cadmium 
Copper, Tin, Cadmium 
Copper, Tin 
Copper, ‘Tin, Cadmium 
Copper, Cadmium 
Copper, Cadmium 
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TENTATIVE SPECIFICATIONS 
FOR 
ROLLED ZINC! 
A.S.T.M. Designation: B 69 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 


Scope 

These specifications cover three types of commercial rolled zinc, as 
described in Section 2. It should be understood that the specifications are 
general. Any closer limitations on permissible variations shall be a matter 
of agreement between the purchaser and the seller at the time of purchase. 


SPECIFICATIONS 
Types 
2. The rolled zinc shall be divided into the following types: 
Type I.--Coils or sheets cut from strip (ribbon) rolled zinc, 
Type IIT.—-Pack rolled zinc, and 
Type III.—Zinc plates, such as boiler and hull plates produced by 
any rolling method. . 


Permissible Variations in Thickness 
3. The permissible variations in thickness of rolled zinc shall be as 
follows: 


PERMISSIBLE 
VARIATIONS 
THICKNESS, IN. IN THICKNESS 


Up to and including 0.020 +0. 001 in. 
Over 0.020 +5 per cent 
i +(0.002 in. 
+6 per cent 
+6 per cent 


Permissible Variations in Width ; 
4. The permissible variations in width of all types of rolled zinc shall 


be as follows: PERMISSIBLE VARIATIONS IN WIDTH 


WIDTHS UP TO AND WIpTHS 
THICKNESS, IN. INCLUDING 18 IN. OVER 18 IN. 


Up to 0.125 +().031 in. +0. 063 in. 
0.126 to 0.250 +0.063 in. +0. 063 in. 
0.251 to 0.375 +(0).125 in. +(),125 in. 
0.376 to 1.500 +().250 in. +(), 250 in. 


! Under the standardization procedure of the Society, these specifications are _s the jurisdiction of 
the A.S.T.M. Committee B-2 on Non- Ferrous Metals and Alloys. ted as 

These Tentative Specifications are in effect a tentative revision of, and will supersede when adop Book 
standard, the present Standard Specifications for Rolled Zinc (A.S.T.M. Designation: B 69-29), 1936 


of A.S.T.M. Standards, Part I, p. 705. 
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Permissible Variations in Length | 
5. The permissible variations in length of all types of rolled zinc shall — 
be as follows: 
(a) Sheets, strips and plates may be ordezed to exact lengths up to 
12 ft., in which case the following variations in length are permitted: 


PERMISSIBLE 
VARIATIONS 
THICKNESS, IN. IN LENGTH 


(b) When plates, sheets, and strips are ordered in stock lengths, the 
pieces shipped shall be cut to the nominal or stock length as a maximum. 
The shortest acceptable lengths, the maximum permissible percentage by 
weight of short lengths, and the required percentage by weight of stock 
lengths in any one shipment shall be as shown in Table I. 


TABLE I.—PERMISSIBLE VARIATIONS IN LENGTH OF PLATES, SHEETS, AND STRIPS ORDERED 
IN StocK LENGTHS. 7 


Maximum Permissible Percentage by Weight of Short Lengths 


Nominal or Stock Length,| by Weight 
ft. of Stock Over 8 to 10 ft. | Over 6 to 8 ft. | Over 4 to 6 ft. 2 to 4 ft. Under 2 ft. 
Lengths 
60 40 30 20 10 0 
20 10 0 


6. When Type I rolled zinc is supplied in coils it shall be coiled in a 
manner consistent with good commercial practice and in no case shall a 
coil consist of more than four pieces. No piece shall be less than 10 ft. 


in length. 
= 


7. Type I rolled zinc in lengths over 10 ft. shall not exhibit sidewise 
bend or curvature in excess of 1 in. in any length of 10 ft. 
Packing 
8. (a) All material shall be properly separated according to size when 
loaded for shipment. 
(b) Plates, sheets, and strips shall be packed in boxes, cases, or crates 
* constructed, and bulk shipments shall be so braced in the car, as to insure 


acceptance by common, or other, carriers for safe transportation at the 
lowest rate to the point of delivery. 


Marking 
9. Each bundle, box, or crate shall be legibly marked with dimensions 
and gross, tare, and net weights. 
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METHODS OF TESTING _ 
Sidewise Bend or Curvature a 


10. The coil shall be supported on a reel at one end of a table and th 
ribbon drawn along a 10-ft. straight edge, keeping both ends of the straight 
edge touching the edge of the ribbon. No point on the straight edge shall 
then be more than 1 in. from the edge of the ribbon. 


Gaging 


11. Type I rolled zinc shall be gaged with a micrometer caliper which 
has previously been checked with precision blocks. No two measurements 
along the length of the coil shall be made within 12 in. of each other, nor 
shall measurements in any one line across the width of the coil be used asa 
basis of rejection. 


APPENDIX 


The following sections describing tests used to some extent in the rolled zin 
trade, together with the tables which indicate roughly the range of properties obtain- 
able as shown by the two test methods described, are included for information only 


Dynamic Ductitity TEst 


Al. Apparatus—The dynamic ductility machine for conducting the dynamic 
ductility test is a modified inclinable power press fitted with an adjustable die as 
shown in Fig. 1. The speed of the machine shall be 85 to 90 oscillations of the 
plunger per minute. 


A2. Test Specimens.—(a) The test specimen shall consist of a strip cut across the 
full width of a ribbon or sheet, the width of the strip being approximately 3} in. 
When this results in a specimen of less than 12 in. in length, as from narrow unsit 
ribbon zinc, two specimens 3} in. in width shall be cut. 

(b) ‘Test specimens from narrow strips such as ribbon or sheet zinc after slittins 
shall be cut to 20-in. lengths. 


Note.—The construction of the machine will not permit test specimens of greater 
thickness than 0.060 in. 


A3. Procedure.—(a) The temperature of the test specimen, testing machine, and 
room throughout the test shall be kept within 70 and 90 F. The specimen shall be 
inserted in the machine and firmly clamped. The testing shall be started at one end 
and the strip moved with each successive cup. The series of cups shall be along the 
middle line of a 3}-in. strip so that clamping will be uniform around the cup as it 15 
formed. With the motor running, the clutch shall be thrown in, lowering the plunger, 
which, with the die in the clamp base, presses the cup in the test strip. If the cup does 
not show rupture, the plunger shall be advanced by increments of 0.005 in. and the 
cupping repeated with each increased depth until rupture occurs. Having determined 
the rupturing point additional cups shall be formed as a check. The rupturing point 
shall not be considered to be that point where an open crack is formed, but where the 
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drawing of the bottom of the cup has just caused “necking” of the surface prior to 
rupture (see Fig. 2). 

Note.—An experienced operator should be able to determine the point of rupture 
after two or three trial cups. 


(b) The depth of the cup at which rupture just occurs shall be read from the 
micrometer attachment on the plunger and reported as the dynamic ductility of the 


ts 


MICROMETER 
ADJUSTMENT 


TOGGLE LEVERS 


TOGGLE LEVER 
ADJUSTMENT SCREW 


Fic. 1.—Dynamic Ductility Test Machine. 


specimen. The average ductility of the test specimens shall be considered the dynamic 
ductility of the shipment. 


,_Note.—The micrometer attachment on the plunger mechanism measures the distance 
nat the plunger extends beyond the zero point. ‘The zero point is where no impression 
would be made on the test strip. The clamp base is adjusted for the varying thicknesses. 
The micrometer attachment also serves to advance and withdraw the plunger. 


TEMPER TEST 


. - A pparatus.—The apparatus consists of a temper test machine as shown in 
ig. 3. 
AS. Test Specimens.—Duplicate test specimens shall be cut from each sample 
and shall be rectangular in shape and cut accurately to 1} in. in width and 44} in. in 
eagth, with the length taken in the direction of rolling. With ribbon zinc the duplicate 
est specimens shall be cut from adjacent places across the width of a sample. 
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Note.—The construction of the machine does not permit test specimens of greater 
thickness than 0.035 in. 

A6. Procedure—(a) The temperature of the test specimens, testing machine, 
and room throughout the test shall be kept within 70 and 90 F. The specimens shal 
be inserted to the full depth of the vise of the mandrel and securely held by tightening 
the vise. The diameter of the mandrel is 2} in. Inserting the test specimen as 
specified to the full depth of the vise leaves extended a length exactly one-half the 
circumference of the mandrel. In the rotation of the mandrel the test specimen is 
pressed by the contact arm against the mandrel. When the outer or free end passes 


_ the contact arm it springs out according to its temper. The speed of rotation of the 


(a) Before Rupture. 


(b) At Rupture. 


(c) Past Rupture. 


Fic. 2.—Showing Typical Cups Formed 
in Ductility Test. 


mandrel shall be between 50 and 55 r.p.m. With the motor running, the clutch shall 
be thrown in, rotating the mandrel counterclockwise. When the outer end of the 
specimen has passed the contact arm the rotation of the mandrel shall be stopped by 
throwing out the clutch. The mandrel shall be turned to the 100 per cent position 
which is indicated by a mark on the mandrel and the fixed pointer, and the percentage 
of temper shall be read from the position of the outer end of the specimen on the 
underlying graduated scale, consisting of a half circle graduated counterclockwise 


from 0 to 100 per cent. 
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AIl.—Dynamic DuctTILity AND TEMPER, TYPE I ROLLED ZINC. 


Dead Soft Soft 


Half Hard 


American Zinc Gage Thickness, in. Dynamic Dynamic Dynamic 


Ductility, Ductility, Ductility, 
min., in. 


DYNAMIC 
AMERICAN Ducti.ity, TEMPER, 
MIN., IN. MAX., PER CENT 


No. 3 0.165 
No. 4 0.170 
No. 5 0.175 
0.180 
0.185 
0.190 
0.195 
0.200 
0.205 
0.210 
0.215 
0.220 
0.225 
0.230 
0.235 
0.240 
0.245 
0.250 
0.250 
0.255 
0.255 
. 260 


0 
0.260 


ial] 
ing Tem- Tem- 
as per, | Dynamic | per, r : 
the max., | Ductility, | max., a 
per | min.,in. | per 
1 1s cent cent cent cent 
the 70 | 0.255 76 | 0.215 80 | 0.165 86 
65 | 0.260 72 | 0.220 75 | 0.170 
60 | 0.265 66 | 0.225 70 | 0.175 80 
554 | 0.270 62 | 0.230 65 | 0.180 77 
Ree eee 52 | 0.275 58 | 0.235 61 | 0.185 4 
0.300 | 483] 0.280 | 54 | 0.240 | 58 | 0.190 | 72 
46 | 0.285 51 | 0.245 54 | 0.195 69 
433 | 0.290 48 | 0.250 51 | 0.200 
414] 0.295 45 | 0.255 48 | 0.205 6 
40 | 0.300 43 | 0.260 45 | 0.210 68 
39 | 0.305 40 | 0.265 434} 0.215 61 
374 | 0.310 37 | 0.270 424 0.220 
| 37 | 0.315 37 | 0.275 42 | 0.225 
0.340 | 365] 0.320 | 363] 0.280 | 41 | 0.230 | 57 
36 | 0.324 36 | 0.285 40} | 0.235 56 
| 0.326 | 0.290 | 0.240 
| 0.328 | 0.295 | 0.245 
| 0.329 | 0.300 | 0.250 . 
| 0.330 | 0.300 .. | 0.250 
| 0.331 | 0.305 | 0.255 
| 0.333 .. | 0.310 | 0.260 
| 0.334 | 0.310 | 0.260 
TaBLeE AII.—Dynamic DuctTiLity AND TEMPER, Type II ROLLED Zinc. 
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(b) The duplicate specimen shall be similarly tested and, in order to eliminate the 

effect of the curvature of the specimens due to coiling, shall be inserted in the vise in 

the reverse position to that of the first specimen. That is, if one specimen is inserted 

and pressed with its curvature toward the mandrel, the duplicate specimen should 
inserted with its curvature away from the mandrel. 


STARTING 
LEVER 


Fic. 3.—Temper Test Machine. 


(c) The average of the readings on two test specimens shall be reported as th 
temper of the material. 


Dynamic DuctILity AND TEMPER OF COMMERCIAL ZINC 


1 
| 
BRASS =P q 
AT. Tables propertie ay be found in 
commercial grades of rolled zinc of Types I and II, respectively. | 
<7 
a 
=~ 


TENTATIVE SPECIFICATIONS 
FOR 


ALUMINUM-BASE ALLOY DIE CASTINGS' | 
A.S.T.M. Designation: B 85 -37T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1931; REVISED, 1933, 1937. 


By publication of these specifications, the American Society for Testing Materials does not 
undertake to insure anyone utilizing the specifications against liability for infringement of 
Letters Patent nor assume any such liability, and such publication should not be construed as 
a recommendation of any patented or proprietary application that may be involved. 


Scope 


1. These specifications cover die castings die-cast from aluminum- 
base alloys. Eight alloy compositions are specified, designated alloys 
Nos. IV to EX, inclusive, and Nos. XI and XII. _ ae 


Chemical Composition 


2. The alloys shall conform to the requirements as to chemical a 
composition given in Table I within the limits specified therein. 

3. (a) It is understood that iron contributes to the hardness in 
all these alloys. While the use of steel or iron containers for the | 
commercial manufacture of die castings unavoidably introduces 
some of this element into the alloy, it shall not exceed the percentages _ 
specified in Table I. 

(6) Manganese and nickel are not regarded as harmful elements | 
in these alloys up to the limits specified in Table I. 
Sampling 

4. Samples for chemical analysis may be taken either by sawing, 
drilling, or milling a representative group of castings, and shall repre- 
sent the average cross-section of the material. The castings and 


cutter shall be thoroughly cleaned and no lubricant shall be used 
during the operations. 


Chemical Analysis _ 
5. Chemical analysis shall be made in accordance with the 


' Under the standardization procedure of the Society, these specifications are under the jurisdic- 4 
tion of the A.S.T.M. Committee B-6 on Die-Cast Metals and Alloys. ee 
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Tentative Methods of Chemical Analysis of Aluminum and Light 
Aluminum Alloys (A.S.T.M. Designation: B 40 - 36 T) of the*Amer. 
ican Society for Testing Materials. 4 


6. No casting shall be acceptable which weighs less than a mini- 
mum agreed upon by the manufacturer and purchaser for the indi- 
vidual order. 
Workmanship and Finish 


7. Castings shall be produced with smooth surfaces, free from 
cracks and disfiguring blemishes. 


Density 


TABLE I.—CHEMICAL COMPOSITIONS OF ALUMINUM-BASE D1k-CAsTING ALLoys. 


Permissible Variations in Alloying 


Other Elements, max., per cent 
Elements, per cent 


Desired Composition, 
per cent 


re Alu- Siliece = Nickel | con Iron| Zine Man-| Mag- Tin Other 


Copper and ganese|nesium 


5 max.| 4.5 to 6.0 0.5 max.| ... |2.0]0.5| 0.3 | 0.10 |0.1) 0.2 

2 max.}11.0 to 13.0 0.5 max.| ... |2.0]0.5] 0.3 | 0.10 0.2 

+ 3 1.5 to 2.5] 2.5 to 3.5 0.5 max.} ... }2.5]0.8] 0.3 | 0.10 /0.1] 0.2 
No. VII.| 4 5 3.5 to 4.5] 4.6t05.5 | ... | 0.5 max.) ... |2.31/0.8] 0.3 | 0.10 [0.1] 0.2 
No. VITT} 1.6 | 1 | 2.25) 95.25/1.0 to 2.0) 0.8t02.0 | ... |18to02.5) ... | 2.6)0.8] 0.3 | 0.10 0.2 
No. IX..| 4 [1.75] 4 | 90.25/3.5 to 4.5] 1.0t02.5 | ... |3.5to 4.5] 0.3 | 0.05 |0.1] 0.2 
No. XI..} 2 8 90 1.0 to 3.0) 7.0 to 9.0 | 11.0] 0.5 max.) ... [2.0/0.6] 0.3 | 0.10 |0.1) 0.2 
No. XII.|} 7 | 2 91 |6.0t08.0) 3.5 max. | 11.0} 0.5 max.| . 2.3/1.5] 0.3 | 0.10 0.3 


@ The alloy designations correspond to numbers used in the investigation on aluminum-base die-casting alloys 
carried out under the jurisdiction of Committee B-6 on Die-Cast Metals and Alloys (formerly Subcommittee XV on 
Die-Cast Metals and Alloys of Committee B-2 on Non-Ferrous Metals and i the alloy numbers omitted corre- 
spond to alloy compositions which were investigated by the Committee, but w ich were not ered desirable of 
inclusion in these specifications. See Proceedings,Am. Soc. Testing Mats., Vol. 29, Part I, p. 192 (1929). 

» Analysis shall ordinarily be made only for the elements specifically mentioned in this table. If, however, the 
presence of other elements is indicated in the course of routine analysis, further an.. vsis shall be made to determine 
that these other elements do not exceed the total given in the last column. 


Permissible Variations in Dimensions 

8. Dimensional tolerances shall be within the limits specified on 
the drawings describing the casting or castings on order, or shall be 
within the limits specified in the order. 
Rejection 

9. Castings which show injurious defects subsequent to acceptance 
may be rejected. The manufacturer’s liability shall be confined to 

. replacing rejected castings without charge to the purchaser. 

Physical Properties and Tests. 

10. Unless specified in the order or specifically guaranteed by the 
manufacturer, acceptance of castings under these specifications shall 


not depend on physical properties determined by tension or impact 
tests. 


* A.S.T.M. Methods of Chemical Analyses of Metals, p. 95 (1936). 
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APPENDIX 


The data in the following table do not constitute a part of these specifica- 
tions. They will indicate to the purchaser the physical properties that may be 
expected of tension and impact test specimens when made in a die, the test 
specimens being cast in regular production routine and conforming to the 
chemical composition specified. It should be thoroughly understood that the 
following figures represent die-cast test specimens and not specimens cut from 
commercial die-cast parts. Rockwell hardness values have not been shown 
because they are considered too unreliable on die castings. 


Tension Tests on Round Specimens | Charpy Impact 


Tensile Strength, | Elongation in 2 in., 
Ib. per sq. in. per cent 


dan. 


=? 
on Square 
Alloy Specimens, 
ft-lb. 
30 000 
32 000 
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TENTATIVE SPECIFICATIONS 
FOR 
MAGNESIUM-BASE ALLOY DIE CASTINGS! 


A.S.T.M. Designation: B 94 -37 T 


_ This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 
ISSUED, 1934; REVISED, 1937. 

By publication of these specifications, the American Society for Testing Materials does not 
undertake to insure anyone utilizing the specifications against liability for infringement of 

Letters Patent nor assume any such liability, and such publication should not be construed as 

a recommendation of any patented or proprietary application that may be involved. 


Scope 

1. These specifications cover magnesium-base alloy die castings 
having a specific gravity of about 1.8. One alloy is specified and is 
designated as Alloy No. 12. 


Manufacture 
2. The alloy may be made from virgin metal or from purified 


scrap metal of known composition. 
Chemical Composition 


3. The castings shall conform to the following requirements as 
to chemical composition: 


Aluminum, per cent 9.0 to 11.0 


Silicon, max., per cent 1.0 
Manganese, min., per cent 0.10 
‘c opper, Max., per cent 0.05 


‘Nickel, max., per cent... .. 0.03 
( ther ingredients { Individually, max., per cent. 0.3 
(zinc, cadmium, tin) | Total, max. , per cent 0.5 


Sampling 
4. (a) Samples for chemical analyses shall be taken either by 
sawing, drilling, or milling a representative group of castings, and 
shall represent the average cross section of the material. The sample 
shall weigh not less than 50 g. 
(b) The saw, drill, cutter, or other tool used shall be thoroughly 
cleaned. No lubricant shall be used in the sampling operation. 


Workmanship and Finish 


The castings shall be of uniform quality and shall be produced 
with smooth surfaces, free from cracks and disfiguring blemishes. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdic. 
tion of the A.S.T.M. Committee B-6 on Die-Cast Metals and Alloys. 
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Rejection 

6. Die castings which show injurious defects revealed by machin- 
ing operations subsequent to acceptance may be rejected, and if re- 
jected the manufacturer’s responsibility shall be limited to replacing 
rejected castings without charge to the purchaser. 


¢ 
EXPLANATORY NOTES 


Nore 1.—The data in the following table covering Alloy No. 12 do not con- 
stitute a part of these specifications. They will indicate to the purchaser the 
physical properties that may be expected of tension and impact test specimens 
when made in a die, the test specimens being cast in regular production routine 


> 


4 Z “Minimum between 6 


_ Hound 
Tension 0.005" 
| “D=0.250"t 0.005" 


Gradual Taper oF 0.005" from both Fnds of Reduced Section to Middle 
Fic. 1.—Round Tension Test Specimen. 


0.250" 0.005"... 


and conforming to the dimensions shown in Figs. 1 and 2 and to the chemical 
composition specified. Rockwell hardness values have not been shown because — 
they are considered too unreliable on die — 

Tensile strength, lb. per sq. in............... 26000 to 30 000 

Elongation in 2 in., per cent 

Charpy impact, ft-lb 


Nore 2.—Alloy No. 12, as specified in these specifications, corresponds to 
Alloy No. 2 in the Tentative Specifications for Magnesium-Base Alloy Ingot - 
for Remelting (B 93 - 36 T) of the American Society for Testing Materials.’ 


"Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 706 (1936); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 340. 


A.S.T.M. DESIGNATION: B 94 - 37 T 709 
x 
| 
0.246"+0.005"--" 
Fic. 2.—Charpy Impact Test Specimen. 
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The aluminum content has been set at 9.0 to 11.0 per cent. Alloys with 
lower aluminum content have somewhat higher percentage elongation and 
Charpy impact values but have lower fluidity and, hence, are more difficult to 
cast. Alloys with higher aluminum content are too brittle for many purposes. 
. Manganese is added to this type of alloy in order to improve corrosion 
resistance, particularly against salt water and salt-water atmosphere. Man- 
ganese is only slightly soluble in an alloy of this type and 0.10 per cent has been 
found sufficient to obtain the desired results. The alloy will usually contain 
0.15 to 0.30 per cent manganese, although a manganese content in excess of 
this amount is not detrimental. 
¥ga@ The copper and nickel contents are set at 0.05 and 0.03 per cent, maximum, 
respectively, inasmuch as larger percentages of these elements decrease the 

_ corrosion resistance of the alloy. 

The present phraseology for expressing the composition of these magnesium- 
base die castings permits the allowable presence of appreciable amounts of metals 
such as zinc, cadmium, and tin that are often present in other magnesium-base 
alloys and which, in small quantities, have no detrimental effects on magnesium- 


base alloy die castings. Such metals, therefore, should not be classed as 
impurities. 
impu 
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TENTATIVE METHOD OF TEST 
FOR 


A.S.T.M. Designation: B 106-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1936; REVISED, 1937. 
Scope 

1. (2) This method is intended to cover the determination of the 
flexure-temperature characteristics of thermoflex (thermostatic metals) in 
the form of flat strips. 

(6) The characteristics of thermoflex are determined as a whole when 
tested in the form of a flat strip. No account is taken of the character- 
istics of the individual components. 

(c) The procedure involves changing the temperature of a strip of 
thermoflex and obtaining values indicating the response to temperature 
changes, or the flexivity, by calculation from the temperatures, dimen- 
sions of specimen, and relative movement of gage points on the specimen. 
Definitions 

2. The following definitions and symbols shall apply in connection 
with the tests as outlined in this method: 

(a) Thermoflex.—Thermoflex is a composite material usually in the 
form of sheet or strip, comprising two or more materials of any appropriate 
nature, metallic or otherwise, which, by virtue of the differing expansivi- 
ties of its components, tends to change its curvature when subjected to a 
uniformly distributed change of temperature. 

(b) Component.—A component is one of the plurality of more or less 
distinct laminae that compose a given thermoflex, and which in coopera- 
tion with the other components has a determining effect on the sensitivity 
to temperature of the thermoflex in so far as tendencies to curvature change 
are concerned. 

(c) Deflection (c).—Deflection as applied to thermoflex is the move- 
ment due to temperature change of a chosen point or line thereon, relative 
to other points or lines, regarded as fixed. 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
Committee B-4 on Electrical-Heating, Electrical-Resistance and Electric-Furnace Alloys. 
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(d) Deflection, D.—For the purposes of this test the deflection, D, of a 
thermoflex strip is the perpendicular distance from a point on the longi 
tudinal center line of the specimen to a line defined by the points of inter. 
section of the longitudinal center line of the specimen with planes passing 
through the knife edges perpendicularly to the plane of the latter; the 
first mentioned point being equidistant from the other two. 


_Test Specimen 


no 
Neviral thi 
Axis 
tin 
mi 
ed: 
an 
TI 
de 
Fic. 1.—Test for Flexivity of Thermoflex. : 
m 
(e) Flexivity, F ---The flexivity, F, is the change of curvature of the a 
longitudinal center line of the specimen per unit temperature change for mi 
unit thickness, and is given by the formula: - 
—-—y) 
Ri Ro 
whence, referring to Fig. 1: 
tf D, D, 
T, ~TAG +4Dt+4D? +4Dt 
W 
where R = the radius of curvature, in inches, — 
t = the thickness, in inches, 
| D = the deflection, in inches, as measured with reference to the plane 
| including the line AB and parallel to the knife edges (see 
| Q = the distance between knife edges, in inches, 
T = the temperature, in degrees Fahrenheit, 
T, — Ty = the change in temperature in degrees Fahrenheit, ' 


S 


= D corresponding to 7, and 
= D corresponding to 7). 


is 2 


TesT FOR FLEXIVITY OF THERMOFLEX (B 106 - 37 T) 


Equation (2) is an exact expression which takes into account initial 
curvature. If the specimen is accurately straight at 7», then 1 in Eq. (1) 
Ro 


(3) 
T, — T,\ @ + 4Dit + 4D? 
Test Specimen 


3. (a) The test specimen shall be in the form of a strip which displays _ : 
no apparent initial irregularity of curvature. | 
(b) The maximum thickness shall not be greater than the minimum 

thickness by more than 1 per cent of the latter. 

(c) The width shall not be less than five times nor more than ten 
times the thickness. The maximum width shall not be greater than the 
minimum width by more than 2 per cent of the latter. 

(d) The length shall be such as to allow a distance between knife 
edges not less than ten times nor more than fifteen times the mean width, 
and to extend beyond the knife edges a distance not less than the width. 
The ratio of the distance between knife edges to the thickness shall be 
determined to an accuracy of 0.10 per cent. 

(e) Dimensions of specimens shall be determined by means of screw 
micrometers or by equivalent methods, to an accuracy of 1 per cent. 


Note.—For specimens less than 0.050 in. in thickness special precautions are neces- 
sary, such as the use of a micrometer reading directly to 0.0001 in., or suitable optical 
methods may be used. 

In the case of very thin specimens (less than 0.010 in. in thickness) the average thick- 
ness may be calculated from measurements of length, average width, weight and density. 
When the density is unknown, it may be determined by weighing a sample of at least 
10g., first in air and then in water. The density in grams per cubic centimeter is equivalent 
to the weight in air divided by the loss of weight due to submergence in water. The tem- 
perature of the water shall be approximately the same as that of the balance room to avoid 
errors due to convection currents. For the accuracy required, no correction for the tem- 
perature of the water or the buoyancy of the air is required. However, care shall be exer- 
ised to remove all air bubbles from the sample when weighing it in water, and to avoid 
the presence of grease or other films on the surface of the water. To this end it is recom- 
mended that after a preliminary cleaning to remove obvious dirt the sample be attached 
to a fine wire, to be used later in suspending it while weighing, and thoroughly rinsed, first 


in a then alcohol, and finally water, before imnzersing in the water to be used for 
weighing. 


4. The apparatus shall consist of the following: - 


(a) Specimen Table-——A specimen table carrying two parallel knife 
edges to support the specimen. The distance between the knife edges 
shall be known to within 0.2 per cent. 

(b) Micrometer—A micrometer, traveling microscope or equivalent 
device so connected to the specimen table that expansion during heating 
of the table or connecting parts will not cause appreciable displacement 
of the measuring device with respect to the knife edges. 


is zero. Dy is zero, and Eq. (2) reduces to: 
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(c) Bath.—A stirred liquid bath or uniformly heated enclosure, in 
which the specimen table together with adjustable electric heating source 
is placed, by means of which the specimen can be maintained at the desired 
temperatures, with a variation in temperature throughout the gage length 
of the specimen of not to exceed 0.5 per cent of the temperature range 
used in the test. 

(d) Thermocouple or Thermometer—Thermocouple wire of known 
calibration, or calibrated mercury-in-glass thermometers for measuring 
the temperature of the specimen. 

(e) Potentiometer—Means for determining the electromotive force 
of the thermocouples with an accuracy of | per cent, and of such sensitivity 
as to enable the detection of temperature changes of } per cent of the 
temperature range involved in the test. 

(f) Transmission Rod.—Means for measuring the deflection of the 
strip at a point midway between the knife edges. For this purpose there 
may be used a fused quartz “transmission rod” terminating in a point or 
knife edge to engage the specimen at a point midway between the 
points of contact with the knife edges. This rod shall be suspended from 
the specimen or otherwise supported with its axis normal to the plane of 
the knife edges in such a manner that it remains free to move in the direc- 
tion of its axis. This rod shall bear at its free end an index suitable for 
microscopic observation, or an electrical contact to permit the changes in 
the deflection of the specimen to be accurately measured. Alternatively, 
the deflection of the specimen may be directly observed by optical means 
whose line of sight is in the plane equidistant from the knife edges and 
perpendicular to the plane of the latter. 

(g) The transmission rod and any attached parts shall be of such 
weight or so counterweighted that they will not cause a deflection greater 
than 1 per cent of the maximum to be produced by the action of the thermo- 
flex alone. When free, the thermoflex assumes very nearly a circular 
curvature. Concentrated loading at the center of the specimen will cause 
the curvature to be other than circular, and may cause significant errors 
in the evaluation of flexivity. The location of the plane of the knife 
edges with reference to the scale of the micrometer shall be known to within 
0.5 per cent of the maximum deflection. 


Preparation of Specimen 


5. (a) After being roughly cut or sheared from the sample, the speci- 
men shall be finished to size by careful machining or filing. An amount 
of material extending a distance not less than three times the thickness 
shall be removed along each edge of the specimen, to eliminate material 
which may have been damaged in cutting. 
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(b) When the specimen has been finished to size, any necessary ref- 
erence marks shall be made (by such means as a sharp drill, scribing tool 
or milling cutter) and their relative locations determined and recorded. 
Center punches or similar means shall not be used because of the dis- 


tortion produced. 
Procedure 

6. (a) Stabilization.—After all preparatory work on the specimen has 
been completed, it shall be subjected to a stabilizing heat treatment to 
relieve internal stresses. This treatment may consist in heating the speci- 
men, while free to bend, for a prescribed time and temperature. The 
details of the stabilizing procedure will depend upon the characteristics of 
the thermoflex being tested and shall be as mutually agreed upon by the 
manufacturer and purchaser. 


(b) Test Routine—The specimen shall be mounted on the knife edges 
of the specimen table, the transmission rod put in place and a zero reading 
taken at room temperature. Slight mechanical pressure shall be 
applied and then removed at a point near the center of the specimen. If 
appreciable zero shift is apparent with repeated applications of pressure, 
the cause shall be determined and removed before proceeding with the test. 

(c) When satisfactory initial conditions have been established, obser- 
vations of deflection and temperature shall be made at room temperature, 
and the results recorded. 


(d) The temperature of the specimen shall then be adjusted to the 
next value desired. ‘Thermocouple or thermometer observations at points 
on or near the center and ends of the specimen shall then be made and 
recorded. 


(e) The deflection shall then be observed and recorded. 


(f) Temperature observations as described in Paragraph (d) shall 
again be made and recorded. If significant discrepancies of temperature 
or its distribution are found, they shall be corrected and another deflection 
observation made and recorded. 


(g) After having secured satisfactory temperature conditions and 
corresponding deflection data, the next chosen temperature shall be estab- 
lished and the above routine again followed and so on over the range of 
temperature agreed upon. 


(hk) In all cases, a final set of observations shall be made at or near 
oom temperature to determine whether or not there has been permanent 
distortion or any mechanical incident that would prevent determination 
of deflectivity within the desired limits of accuracy. If such is evident, 
the test shall be repeated under one of the following conditions as agreed 
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(1) The same specimen shall be tested over the same temperature range 

(2) The same specimen shall be tested over a different temperature 
range. 

(3) Another specimen shall be tested over the same temperature range 

(4) Another specimen shall be tested overa different temperature range 

(t) Record.—Measurements and observations shall be recorded on a 
data sheet similar to that shown in Table I. _ a ee 


Report 
7. The report shall include the following: 
(a) Class of thermoflex, 
(b) Identification of specimen, 
(c) Dimensions of specimen, 


TaBLe [.—Data SHEET FOR FLEXIVITY TEST OF THERMOFLEX. 


Dimensions of — Temperature Range: 


Thickness, 


Elapsed Time, | Temperature of Specimens, en, 
sec. deg. Fahr. Remarks 


. (d) Spacing of knife edges, 
| (e) Flexivity, 
(f) A curve showing the relation between flexivity and temperature 
for each established temperature, and 
(g) Amount of permanent set at the end of each temperature cycle 
with reference to original zero reading or room temperature. 
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TENTATIVE METHOD OF 
‘CHEMICAL ANALYSIS OF PORTLAND CEMENT! 


A.S.T.M Designation: C 114-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of 
the Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1934; REVISED, 1935, 1937.2 


MAGNESIA 


Solutions Required 

1. The following solutions will be required: 

(a) Trinitrobenzene Indicator.—Dissolve 1.0 g. of c.p. 1-3-5 trinitro- 
benzene in 100 ml. of ethyl alcohol (95 to 100 per cent). 

(b) Phenolphthalein Indicator.—Dissolve 0.4 g. of c.p. phenolphthalein 
in 100 ml. of ethyl alcohol (50 per cent). 

(c) Standard Sodium Hydroxide Solution.—Dissolve 13.0 g. of sodium 
hydroxide in water, add 10 ml. of a freshly filtered saturated barium 
hydroxide solution, and dilute to 1 liter with distilled water which has been 
recently boiled and cooled. Shake the solution from time to time for several 
hours, and filter into a tubulature bottle fitted with an automatic burette. 
Protect the solution from carbon dioxide in the air, with soda-lime tubes 
at the top of the bottle and the burette. 

The solution as prepared is approximately 4 N, and shall be standard- 
ized against acid potassium phthalate or benzoic acid acidimetric standards 
furnished by the National Bureau of Standards (Standard Samples Nos. 
84 and 39), using the methods in the certificates accompanying the standard 
samples. The exact normality of the solution shall be determined, and its 
MgO equivalent calculated on the basis that 1 ml. of a normal solution is 
equivalent to 0.02016 g. of MgO. 

(d) Standard Acid Solution —Dilute 32.0 ml. of HC! (sp. gr. 1.19) or 
26.0 ml. of HNO; (sp. gr. 1.42) to 1 liter with distilled water. This solution 
will be slightly in excess of 3 N, and shall be standardized against the 


‘Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
mmittes C-1 on Cement. 
his method when adopted as standard is intended to be included with the procedures for chemical analysis 
Tonaring in Sections 8 to 17 of the Standard Methods of Sampling and Testing Portland Cement (A.S.T.M. 
ignation: C 77 — 37), 1937 Supplement to Book of A.S.T.M. Standards, p. 54. 
y one procedure is a modification of the method originally published by Fred P. Diener in Concrete, Vol. 39, 
athe December, 1931. The changes, which are in minor details and do not affect the underlying principles 
he method, were fnade by the author in cooperation with the Working Committee on Methods of Chemical 
a iyeis of Cement of the A.S.T.M. Committee C-1 on Cement for use in the investigations sponsored by the 
ng committee. The theory of the method is discussed in the original article. 
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Method A. Acid-Alkali Method for Rapid Determination of Magnesia* 
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718 METHOD OF CHEMICAL ANALYSIS OF CEMENT (C 114 - 37 T) 
standard sodium hydroxide solution, using phenolphthalein indicator, and 
adjusted by dilution until the two solutions are of equal strength. 

(e) Potassium Iodide—Starch Paper——Mix equal volumes of a 5 
per cent potassium iodide solution and a 1 per cent soluble starch solution, 


and dip strips of filter paper into the mixture. 7 _ 7 a 
Method 


2. (a) To 5.0 g. of cement in a 600-ml. beaker shall be added about 
50 ml. of water and 50 ml. of HCl (1:1), and the solution boiled until the 
cement is completely in solution, excepting possibly some silica which may 
separate out (Note 1). Then 5 ml. of saturated bromine water shall be 
added and the boiling continued until the excess bromine is completely 
expelled, as indicated by the absence of a blue coloration on potassium 
iodide - starch paper when held in the issuing steam. The solution shall 
then be diluted to about 250 ml. with hot water and a 20 per cent solution 
of sodium hydroxide added to the boiling solution from a pipette, until the 
excess acid is neutralized and a permanent precipitate just forms. Then, 
_ continuing the boiling, HCl (1:1) shall be carefully added from a pipette 
until the precipitate dissolves and the solution assumes a yellow ferric 
chloride color, avoiding much excess acid. ‘The sides of the beaker shall be 
washed down with hot water and the boiling continued for a minute or two, 
and then the beaker shall be removed from the burner. 

(b) To the solution shall be cautiously added 4.0 g. of calcium car- 
bonate (weighed to the nearest 0.1 g.). This amount should be sufficient 
to completely neutralize the acid, with some excess. The solution shall then 
be diluted to about 400 ml. with hot water and boiled vigorously for 10 
min. ‘The solution shall be removed from the burner, and a 0.5 per cent 
potassium permanganate solution carefully added to the hot solution from 
a burette, with vigorous stirring, until the supernatant liquid shows a faint 
p: pink color after settling for a moment. Avoid use of more permanganate 

than necessary to produce a faint pink color. ‘Then the boiling shall be con- 
tinued for 2 min., 2.0 ml. of ethyl alcohol added, and the boiling continued 
for a few minutes or until the pink color has disappeared (Note 2). 

(c) The contents of the beaker shall then be transferred to a 500-ml. 
volumetric flask, cooled to room temperature, diluted to the mark, and 
mixed by shaking. ‘The solution shall be filtered through a dry paper, and 
after discarding the first 10 or 20 ml. of filtrate, 200 ml. of the filtrate shall 
be transferred with a pipette to a 500-ml. Erlenmeyer flask. ‘The solution 

- in the flask shall be heated to boiling, and 3.0 ml. of trinitrobenzene indicator 
added. Then standard sodium hydroxide solution shall be added 1.0 ml. 
at a time with intermittent boiling for a few seconds, until the magnesium 
is completely precipitated and a definite pink color persists on boiling. 
The total amount of alkali used shall be recorded (Note 3). as 
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(d) The solution shall be transferred to a 250-ml. volumetric flask, 
cooled to room temperature, diluted to the mark, and mixed by shaking. 
The solution shall be filtered through a dry paper, into a graduated cylinder, 
discarding the first 10 or 20 ml. of filtrate, until 125 ml. of filtrate are 
secured. ‘The 125 ml. of filtrate shall be transferred to a flask, a few drops 
of phenolphthalein indicator added, and the solution titrated with standard 
acid solution to the disappearance of the pink color. 

(e) Calculation.—lIf the acid and alkali solutions are of equal strength, 
the quantity of alkali in milliliters minus twice the quantity of acid in 
milliliters is equivalent to the MgO in a 2-g. sample: _ 


100 (a — 2b) 


MgO, per cent = 9 


X< MgO equivalent of 1 ml. standard alkali 


where a = the quantity of standard alkali in milliliters; 
b = the quantity of standard acid in milliliters. 
(f{) Blank Determination.—A blank determination shall be made, using 
the same procedure as outlined above, and using approximately the same 
amounts of reagents. The titration results shall be corrected accordingly. 


Note 1.—Some samples of cement, particularly those containing considerable iron 
or manganese, may require longer boiling or the addition of slightly more HCl to effect 
complete solution, 

Note 2.—The purpose of the addition of potassium permanganate is to remove 
manganese from the sample, which otherwise would be precipitated and reported as MgO. 
The permanganate in a hot solution oxidizes the manganese to insoluble MnO, and is 
itself reduced to MnOz. ‘The ethyl alcohol precipitates the excess permanganate. In 
samples containing little or no manganese, this portion of the procedure may be omitted. 

Note 3.—Enough standard alkali should be added to completely precipitate the 
magnesium without too large an excess which might cause some precipitation of calcium. 
A guide to proper procedure is the amount of back titration with acid, which should be held 
between 1.0 and 2.0 ml. (after being doubled). A little experience with the color change 
: e-em indicator will enable the operator to hold the back titration between 
these limits. 


Method B. Rapid Determination of Magnesia by Titration of Magnesium _ 
Oxyquinolate 
Solutions Required = 

3. The following solutions will be required: 

(a) 8-Hydroxyquinoline (1.25 per cent).—Dissolve 25 g. of 8-hydroxy- 
quinoline in 60 ml. of glacial acetic acid. When the solution is complete 
dilute to 2 liters with cold water. One milliliter of this solution is equivalent 
to 0.0016 g. of MgO. 


Sent frocedure is a modification of the procedure originally published by J. C. Redmond in the Bureau 

of Standards Journal of Research, Vol. 10, No. 6, June, 1933. The revision was made after correspondence 

— Mr. Redmond and for use in investigations sponsored by the Working Committee on Methods of Chemical 

halysis of Cement of the A.S.T.M. Committee C-1 on Cement. The revised procedure differs from the 

original one mainly in two respects: (1) The hydrates of iron and aluminum are precipitated twice instead of 

once; pad (2) the amounts of 8-hydroxyquinoline reagent and standard bromate solution used are variable 
xed. 

The original article should be consulted for a discussion of the theory and experimental basis of the 
ey The method was developed primarily for use by the National Bureau of Standards for the detec- 
fies of cements whose magnesia content did not meet the requirements of Federal Specifications Board Speci- 

No. la. For use in the investigations of the working committee, the method was so revised that 


Magnesia content of any cement might be determined rapidly and correctly. 


and 
on, 
Dut 
the 
ay 
be 
ely 
Im 
all 
on 
he 
te 
ric 
be 
0, 
nt 
10 
nt 
m 
it 
l- 
d 7 
l. 
d 
d 
r 
1 


720 MetTHOD or CHEMICAL ANALYSIS OF CEMENT (C 114 - 37 T) 


(6) Sodium Thiosulfate Solution (0.1 N).—Dissolve 25 g, of 
Na,S203:5H,0 in 200 ml. of water and dilute to 1 liter. Standardize this 
solution either on sodium oxalate through a permanganate solution, or on 
arsenious oxide through a solution of resublimed iodine. Standard Samples 
Nos. 40 and 83 of the National Bureau of Standards are convenient for this 
purpose. One milliliter of exactly 0.1 N sodium thiosulfate solution is 
equivalent to 0.000504 g. of MgO. 

(c) Potassium Bromate - Potassium Bromide Solution (0.2 N).—Dis- 
solve 20 g. of KBr and 5.57 g. of KBrO; in 200 ml. of water and dilute to 
1 liter. Obtain the ratio of this solution to the standard sodium thiosulfate 
solution as follows: ‘To 200 ml. of water in a 400-ml. beaker add exactly 
25 ml. of bromate solution. Add 20 ml. of HCl (sp. gr. 1.19), stir, and add 
immediately 10 ml. of KI solution. Mix well and titrate at once with the 
sodium thiosulfate solution until nearly colorless. Add 2 ml. of starch 
solution, and titrate to the disappearance of the blue color. 

(d) Potassium Iodide Solution (26 per cent).—Dissolve 25 g. of KI in 
100 ml. of water. 

(e) Starch Solution.—To 500 ml. of boiling water add a cold suspension 
of 5 g. of soluble starch in 25 ml. of water, cool, add a cool solution of 5 g. 
of NaOH in 50 ml. of water, add 15 g. of KI and mix thoroughly. 


Method 

4. (a) To a 0.500-g. sample of cement in a 400-ml. beaker shall be 
added 10 ml. of water and 10 mJ. of HCl (sp. gr. 1.19). This shall be heated 
gently and any coarse particles ground with the flattened end of a glass rod 
until decomposition is complete. Hot water shall then be added to make 
a total volume of 100 ml. 

(b) Three drops of methyl red (0.02 alcoholic solution) shall be added 
to the solution and then NH,OH(sp. gr. 0.90) added until the solution is 
distinctly yellow. This solution shall then be heated to boiling and boiled 
for 1 to 2 min., then removed from the hot plate and allowed to stand until 
the precipitate has settled. The solution shall then be filtered without 
delay and the precipitate washed twice with a hot solution (2 per cent) of 
ammonium chloride. The precipitate shall then be transferred with the 
filter paper to the beaker and dissolved in 10 ml. of HCl (1:1). This shall 
be diluted to about 100 ml. and heated to boiling. The hydrates shall 
then be reprecipitated, filtered, and washed as above. To the filtrate shall 
be added 1 ml. of NH,OH (sp. gr. 0.90). The filtrate shall then be heated 
to boiling and while boiling 25 ml. of a hot solution (4 per cent) of 
(NH,)2 C20,-H20 shall be added and the boiling continued for 2 min. The 
digestion shall be continued on the steam bath for 10 to 15 min. 

(c) The solution shall be cooled to 70 C. and 10 to 25 ml. of the 
8-hydroxyquinoline reagent added (Note 1) and then 4 ml. of NHOH 
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(sp. gr. 0.90) added per 100 ml. of solution. The solution shall be stirred 
on a mechanical stirring machine for 15 min. and set aside until the pre- 
cipitate has settled (Note 2). The solution shall then be filtered and the 
precipitate washed with hot dilute NH,OH (1:40). The precipitate shall 
then be dissolved in 50 to 75 ml. of the hot dilute HCl (1:9), the resulting 
solution diluted to 200 ml. and then 15 ml. of HCl (sp. gr. 1.19) added. 
The solution shall then be cooled to 25 C. and 10 to 35 ml. of standard 
bromate solution (Note 3) added from a pipette. The solution shall then 
be stirred and allowed to stand for about 30 sec. to insure complete 
bromination. ‘To this solution shall then be added 10 ml. of the KI solution. 
The resulting solution shall be stirred well and then titrated with the 
standard sodium thiosulfate solution until the color of the iodine becomes 
faintly yellow. At this point 2 ml. of the starch solution shall be added and 
the solution titrated to the disappearance of the blue color. 

(d) Calculation.—The percentage of magnesia in a 0.5-g. sample may 
be calculated as follows: 


Percentage of MgO = [(B — C) X A] X 200 _ 


where A = the weight of MgO in grams per milliliter of standard sodium 
thiosulfate solution; 
B = milliliters of standard sodium thiosulfate solution equivalent to 
25 ml. of standard bromate solution, and 
C = milliliters of sodium thiosulfate solution required in the titration. 


(e) Blank Determination.—A blank determination shall be made, using 
the same procedure as outlined above, and using approximately the same 
amounts of reagents. The titration results shall be corrected accordingly. 

Note 1.—An excess of the 8-hydroxyquinoline reagent should be used. If it is small 


the result of the determination of magnesia may be low; on the other hand, if large, the 
result may be high. The following guide may be used: 


APPROXIMATE CONTENT _ APPROXIMATE AMOUNT 
ov MAGNESIA, PER CENT OF REAGENT REQUIRED, ML. 


Note 2.—The precipitate should be filtered within an hour. Prolonged standing may 
cause high result. 


Note 3.—The amount of the standard bromate solution used may be as follows: 


APPROXIMATE CONTENT AMOUNT oF STANDARD 
ov MAGNESIA, PER CENT BROMATE SOLUTION, ML. 
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PHOSPHORUS 
Special Solutions Required 


5. (a) Ammonium Molybdate.— Dissolve 100 g. of molybdic acid (g5 
per cent MoOs;) in a mixture of 400 ml. of water and 100 ml. of NH,OH 
(sp. gr. 0.90) and cool the solution to room temperature. While stirring 
constantly, pour this solution very slowly into a cooled mixture of 500 nl. 
of water and 400 ml. of HNO; (sp. gr. 1.42). No permanent precipitate 
should form, which does not redissolve with stirring. Add 1 drop of a 
saturated solution of sodium-ammonium phosphate (NaNH,HPO,) to the 
solution, shake it thoroughly, and allow it to stand at least 24 hr. before 
use. Filter portions of the solution as needed. 

(6) Magnesia Mixture.—Dissolve 50 g. of MgCl,-6H20 and 100 g. of 
NH,Cl in 500 ml. of water. Make the solution slightly alkaline with 
NH,OH and allow it to stand at least 12 hr. Filter the solution, acidify it 
with HCl and dilute to liter. 


Procedure 


6. (a) Weigh a 1 to 3-g. sample of cement (Note) into a 250-ml. beaker 
Treat the cement with 50 to 75 ml. of water and then with 10 to 15 ml. of 
HNO; (sp. gr. 1.42). Boil the mixture until the solution is as complete as 
possible. If the cement contains an appreciable amount of manganese as 
shown by the presence of a red or brown residue, add a few milliliters of a 
potassium nitrite solution (5 per cent) to aid in the solution. Boil the 
solution until all nitrous fumes are completely expelled, taking care not to 
allow the volume of the solution to become so small as to cause the pre- 
cipitation of gelatinous silica. Filter the solution into a 500-ml. Erlenmeyer 
flask and wash the residue. ‘The volume of the solution should now be 
about 150 ml. 

Note.—The amount of sample and reagents used depend on the content of phosphorus 
in the cement. The minimum requirements are sufficient if the cement contains 0.5 per cent 
pi dy more. The maximum amounts are required if the content of P2Os is 0.1 per cent 

(b) Add 10 g. of ammonium nitrate to the solution and heat until the 
salt is dissolved. Heat the solution to 85 C. and add 50 to 100 ml. of the 
solution of ammonium molybdate. Stopper the flask and shake it vig- 
orously for 5 min., then set it aside for 30 min. Filter the precipitate, 
rinsing the flask five times and washing the filter paper eight times with a 
cold solution of potassium nitrate (1 per cent). 

(c) Put the original flask under the funnel containing the precipitate. 
Pour 25 ml. of diluted NH,OH (1:4) over the precipitate and around the 
upper edges of the filter paper until the precipitate is entirely dissolved. 
Wash the paper three times with cold water, twice with diluted HCI (1:1), 
and finally three times with cold water. Acidify the solution with HCI and 
add to it 4 or 5 drops of a saturated solution of citric acid to hold traces of 
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iron, if any, in solution. Cool the solution to room temperature and transfer 
it to a 400-ml. beaker. The volume of the solution should now be about 
150 ml. 

(d) To the solution add 25 ml. of magnesia mixture, and then while 
stirring constantly add drop by drop 50 ml. of NH,OH (sp. gr. 0.90) at 
such a rate that 5 min. are required for the addition. Allow the mixture to 
sand 4 hr. or longer. Filter the precipitate and wash it a few times with 
diluted NH,OH (1:20). Dissolve the precipitate into the original beaker 
by pouring 25 ml. of diluted HCI (1:1) on the precipitate. Wash the filter 
paper thoroughly with diluted HCl (1:20). With the washings and water, 
dilute the solution to 50 to 100 ml. and add to it 1 to 2 ml. of magnesia 
mixture. While stirring constantly, add NH,OH slowly to the solution as 
before. Allow the mixture to stand 2 hr. or longer. Filter the precipitate, 
grub and rinse the beaker, and wash the precipitate ten times with diluted 
NH,OH (1:20). Ignite the precipitate in a weighed crucible at 1100 to 
1200 C. to constant weight. Multiply the weight of the magnesium 
pyrophosphate (Mg2P207) by 0.6379 to get the weight of the phosphorus in 
the sample as P2Os. 

(e) Blank Correction.—Make a blank determination, using the same 
procedure as outlined above, and using approximately the same amount of 
reagents. Correct the weight of magnesium pyrophosphate (Mg2P,07;) 
accordingly. 

(f) If a determination of phosphorus is required, the weight of the 7 
ferric oxide and alumina (Al,0; + Fe,0;) as obtained by the method 
described in Section 12 of the Standard Methods of Sampling and Testing 
Portland Cement (A.S.T.M. Designation: C 77) of the American Society 
ior Testing Materals' shall be corrected for the amount of the PO; found. 


Special Solutions Required 


7. (a) Standard Sodium Arsenite Solution.—Dissolve in 100 ml. of | 


water 3.0 g. of NazCO; and then 0.9008 g. of As,O;, heating the mixture 
until the solution is as complete as possible. If the solution is not clear or 
wntains a residue, filter the solution. Cool it to room temperature, transfer 
itto a volumetric flask, and dilute it to 1 liter. Each milliliter of this 
vlution is approximately equivalent to 0.003 g. of Mn.Os. 

_ (6) Dissolve 0.58 g. of KMnO, in 1 liter of water and standardize 
against 0.0300 g. of sodium oxalate oxidimetric standard furnished by 
the National Bureau of Standards (Standard Sample No. 40) according to 
the directions furnished with the sodium oxalate. Put 30.0 ml. of the 
KMn0, solution in a 250-ml. Erlenmeyer flask. Add 60 ml. of diluted 
HNO; (1:4) and 10 ml. of a potassium nitrite solution (5 per cent) to the 

‘1937 Supplement to Book of A.S.T.M. Standards, p. 54. 
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_ flask. Boil the solution until the nitrous acid is completely expelled ( 
_ Cool the solution and add sodium bismuthate and finish by titrating wit 
the standard solution of As,O; in the manner described below for ¢ 

determination of manganese in cement. 
(c) The value of the standard solution of As,O; in terms of Mn,0, is 


proce 
reagel 
( 


deter 


0.03 x 0.236 x 30 mang 
Sect 

_where a = the number of milliliters of the solution of KMnQ, required by ! 
0.0300 g. of NazC.0,, and volur 


b = the number of milliliters of the standard solution of As,0, hot s 
required by 30.0 ml. of the solution of KMnQ,. - alkali 


Procedure solut 


: 8. (a) Weigh a 1.0 to 3.0-g. sample of cement (Note 1) into a 250-nl. na 
_beaker and treat it with 5 to 10 ml. of water and then with 60 to 75 ml. of oluti 
diluted HNO; (1:4). Boil the mixture until the solution is as complete as of St 
possible. Add 10 ml. of a sodium nitrite solution (5 per cent) to the solution a 
and boil it until the nitrous acid is completely expelled (Note 2), taking care 
not to allow the volume of the solution to become so small as to cause the 
precipitation of a gelatinous silica. ‘There may be some separated silica 
which may be ignored; but if there is still a red or brown residue, use more 
- solution of sodium nitrite to effect a complete decomposition and then boil 
again to expel the nitrous acid. Filter the solution into a 250-ml. Erlen- 
meyer flask and wash the filter paper with water. 


; Note 1,—The amount of cement taken for analysis depends on the content of man- 
om varying from 1 g. for about 1 per cent of MnO; to 3 g. for 0.25 per cent or less of 
Neg3. 

Note 2.—When sodium nitrite is added, the expulsion of nitrous acid by boiling must 
becomplete. If any nitrous acid remains in the solution, it will react with the added sodium 
bismuthate and decrease its oxidizing value. If there is any manganese in the cement, the 
first small quantity of sodium bismuthate should bring out a purple color. 


(b) The solution should have a volume of 100 to 125 ml. Cool it to 
room temperature. To the solution add a total of 0.5 g. of sodium bis 
muthate in small quantities, with intermittent shaking. After the addition 

_ is completed, shake the solution occasionally for 5 min. and then add to tt 
50 ml. of cool diluted HNO, (1:33) which has been previously boiled to 
expel nitrous acid. Filter the solution through a pad of ignited asbestos 10 

a Gooch crucible or a carbon filter with the aid of suction. Wash the 
residue four times with the cool diluted HNO, (1:33). ‘Titrate the filtrate 
immediately with the standard solution of As,03. The endpoint is reached 
when a yellow color is obtained free of brown or purple tints and it does not 
change upon further addition of As:O;. Calculate the manganese in the 
cement as 
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(c) Blank Correction.—Make a blank determination, using the same : 
procedure as outlined above and using approximately the same amounts of » 
reagents. Correct the titration results accordingly. 

(d) If a determination of manganese is required in addition to a 
determination of magnesium by Section 16 of Standard Method C 77,!_ 
manganese shall be eliminated from the combined filtrates obtained in the _ 
alumina and ferric oxide determination before calcium oxide is precipitated _ 
Section 15 of Standard Method C 77)! in the following manner: 

Acidify the combined filtrates with HCl and evaporate them to a 
volume of about 100 ml. Add 40 ml. of saturated bromine water to the 
hot solution and immediately add NH,OH until the solution is distinctly 
alkaline. Boil the solution for 5 min. or more, making certain that the 
solution is at all times distinctly alkaline. Allow the precipitate to settle, 
filter and wash with hot water. Discard the precipitate. Acidify the 

+ filtrate with HCl and boil until all the bromine is expelled. Make the 

I. of slution alkaline with NH,OH and proceed in accordance with Section 15. 


€ as of Standard Method C 77.! 
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TENTATIVE METHOD OF TEST 
FOR 


COMPRESSIVE STRENGTH OF PORTLAND- 
MORTARS! 


A.S.T.M. Designation: C 109-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. — a’ 


1. This method of test is intended for determining the compressive 


strength of portland-cement mortars. a 


EMENT 


IssuED, 1934; REVISED, 1937. 
Scope 


APPARATUS 
Scales 


2. (a) The scales used in weighing materials for mortar mixes shall 
conform to the following requirements: On scales in use the tolerance at 
a load of 1500 g. shall be + 1.0 g. The tolerance on new scales shall be 
one-half of this value. The “sensibility reciprocal’? shall not be greater 
than twice the tolerance. 


(b) The tolerances on the weights in use in weighing materials for 
mortar mixes shall be as follows: 


WEIGHT 


WEIGHT TOLERANCE 


+0.01 g. 


The tolerances on new weights shall be one-half these values. 


Glass Graduates 


3. Glass graduates of 250-ml. capacities used for measuring the mix 
; ing water shall have the main graduation lines completely encircling the 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 

Committee C-1 on Cement. : : ired to move 

7 * The sensibility reciprocal is a measure of the sensitivity of a balance, and is the weight rer aat ‘amount 
the position of equilibrium of the beam, pan, pointer, or other indicating device of a scale a definite 


at the capacity or at any lesser load. For a complete definition of sensibility reciprocal, see National Burea 


of Standards Handbook, M 85, pp. 80-82. 
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cylinder and the intermediate lines at least half-way around the cylinder 
and shall be made to deliver the indicated volume at 20 C. (68 F.). The 
tolerance on these graduates shall be +2.0 ml. 


Molds 


4. (a) Molds for the 2-in. cube test specimens shall be tight fitting. 
The parts of the molds when assembled shall be positively held together. 
The molds shall be made of hard metal not attacked by the cement mortar. 
For new molds the Rockwell hardness number of the metal shall be not 
less than B55 (the Brinell hardness number not less than 95). There shall 
be sufficient material in the sides of the molds to prevent spreading or 
warping. 

(b) The interior faces of the molds shall be true plane surfaces with 
a tolerance of 0.001 in. for new molds or 0.002 in. for molds in use. 

(c) The distances between opposite faces shall be 2 in. + 0.005 in. for 
new molds, or 2 in. + 0.01 in. for molds in use. The height of the molds, 
measured separately for each cube compartment, shall be 2 in. with toler- 
ances of +0.01 in. and —0.005 in. for new molds; or +0.01 in. and —0.015 
in. for molds in use. 

(d) The angle between adjacent interior faces, and between interior 
faces and top and bottom planes of the mold shall be 90 deg. + 0.5 deg. 


Testing Machine 


5. (a) The testing machine for determination of the compressive 
strength may be either the hydraulic or the screw-type with sufficient 
opening between the upper bearing surface and the lower bearing surface 
of the machine to permit the use of verifying apparatus. ‘The load applied 
to the test specimen shall be indicated with an accuracy of +1.0 per cent. 

(b) The upper bearing shall be a spherically seated, hardened, metal 
block firmly attached at the center of the upper head of the machine. 
The center of the sphere shall lie at the center of the surface of the block 
incontact with the specimen. The block shall be closely held in its spherical 
seat, but shall be free to turn in any direction. The diagonal or diameter! 
of the bearing surface shall be only slightly greater than the diagonal of 
the face of the 2-in. cube in order to facilitate accurate centering of the 
specimen. A hardened metal bearing block shall be used beneath the 
specimen to minimize wear of the lower platen of the machine. The bear- 
ing block surfaces intended for contact with the specimen should have a 
hardness not less than C60 Rockwell number (Brinell number 620). These 
surfaces shall not depart from plane surfaces by more than 0.0005 in. when 
the blocks are new and shall be maintained within a tolerance of 0.001 in. 


1 


the — diameter of 3} in., which is large enough for testing 3 by 6-in. cylinders, is satisfactory provided that 
wer bearing block has a diameter slightly greater than the diagonal of the face of the 2-in. cube but not 

— 2.9 in., and is centered with respect to the upper bearing block and is held in position by suitable 
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TEMPERATURE AND HUMIDITY 


Temperature and Humidity 7 


6. The temperature of the room and dry materials shall be maintained 
at not less than 20 C. (68 F.) and not more than 27.5 C. (81.5 F.). The 
temperature of the mixing water, moist closet, and water in the storage 
tank shall not vary from 21 C. (70 F.) more than 1.7 C. (3 F.). The moist 
closet or moist room shall be so constructed as to provide storage facilities 
for test specimens at a relative humidity of not less than 90 per cent. 


PREPARATION OF SPECIMENS 
Graded Ottawa Sand 
7. The sand (Note 1) shall be natural silica sand produced by the 
Ottawa Silica Co., Ottawa, IIl., graded as follows: 


72 = 5 per cent 
0 per cent 


Sieve Analysis of Sand 


8. (a) For checking the grading of the sand, a sieving test shall be 
made on each of the four sieves specified in Section 7. Samples for these 
tests shall be quartered from a sample of about 700 g. obtained by the 
method of quartering the contents of a full sack (100 Ib.) which have been 
thoroughly mixed and the pile flattened or spread out to minimize segrega- 
tion during quartering. 

(b) The test on each sieve shall be made with 100 g. of sand. The 
sand shall be placed on the sieve, which shall be thoroughly clean and dry. 
The sieve, with pan and cover attached, shall be held in one hand in a 
slightly inclined position so that the sample will be well distributed over 
the sieve, at the same time gently striking the side about 150 times per 
minute against the palm of the other hand on the up stroke. ‘The sieve 
shall be turned every 25 strokes about one-sixth of a revolution in the same 
direction. ‘The operation shall be continued until not more than 0.5 g. 
passes through in 1 min. of continuous sieving. The weight of the residue 
on the sieve shall be expressed as a percentage of the weight of the original 
sample. 


Sieve Requirements 


9. The Nos. 100, 50, 30 and 16 sieves shall conform to the require- 
ments for these sieves as specified in the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Designation: E 11) of the American 
Society for Testing Materials. 


41936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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Preparing Molds 

10. Molds shall be thinly covered with mineral oil. The clamped 
faces shall be thinly covered with a heavy mineral oil or light cup grease. 
After assembling the mold, excess oil or grease shall be wiped from the 
joints. Molds shall be set on a plane, non-absorbent base plate which has 
been thinly coated with paraffin or mineral oil. A mixture of 3 parts 
paraffin to 5 parts resin by weight heated to between 110 and 120 C. (230 
and 248 F.) shall be applied at the outside contact line of the mold and 
base plate so that a water-tight bond is effected between mold and base 
(Note 2). 


Proportioning and Mixing of Mortars 

11. (a) The proportions of the standard mortar shall be 1 part cement 
to 2.77 parts graded Ottawa sand by weight and 53 per cent water by 
weight of cement (water-cement ratio of 0.8 by volume). The standard 
batch of mortar shall consist of 470 g. of cement, 1300 g. of graded Ottawa 
sand and 250 ml. of water. 

(b) Mixing shall be done in a bowl (enamelware or other non-absorbent, 
non-corroding material) of about 1-gal. capacity by vigorous and continuous 
stirring, squeezing and kneading with one hand which shall be protected 
by a snug-fitting rubber glove. The materials, sufficient for making six 
cubes, shall be introduced in the following manner: 


(1) Place the water in the bowl, which has just been wiped with a 
damp cloth, 
(2) Add the cement to the water, and mix for 30 sec., 
(3) Add approximately one-half of the testing sand, and mix for 30sec., 
(4) Add the remainder of the sand, and mix for 1} min. 


12. Immediately following completion of the mixing, the mortar _ 
adhering to the mixing glove shall be removed by striking the hand against 
the side or edge of the mixing bowl and the glove shall then be removed. 
A layer of mortar about 1 in. in thickness shall be placed in each of the 
six cubes. The mortar in each cube shall be tamped 32 times in about 
10 sec. in four rounds, each round to be at right angles to the other and 
consisting of eight adjoining strokes over the surface of the specimen, as 
illustrated in Fig. 1, applying to the mortar on each stroke a pressure of 
about 150 g. (Note 5). The tamper shall have a cross-section of } by 
| in., it shall be of a convenient length (5 or 6 in.) and made of a non- 
absorptive, non-abrasive material such as medium hard rubber. The four 
tounds of tamping (32 strokes) of the mortar shall be completed in one 
cube before going to the next. When the tamping of the first layer in the 
ix cubes is completed, the cubes shall be filled with the remaining mortar 


ined 
The 
rage 
10ist 
ities 
| be 
1ese 
the 
een 
The 
Iry. 
na 
ver 
per 
eve 
me 
g. 
lue 
nal 
re- 
ves 
an 


730 TEST FOR COMPRESSIVE STRENGTH OF CEMENT Mortars (C 109 - 377 


and again tamped as specified for the first layer. On completion of the 
tamping, the tops of all cubes should extend slightly above the top surface 
of the molds. The mortar which has been forced out onto the top surface 
of the mold shall be brought in with a trowel and the cubes smoothed of 
by drawing the flat side of the trowel once across the top of each cube at 
right angles to the length of the mold. The mortar shall then be cut of 
to a level surface flush with the top of the mold by drawing the straight 
edge of the trowel with a sawing motion over the length of the mold. 


Storage of Test Specimens 


13. Immediately after molding, the specimens shall be placed in the 
moist closet or moist room with their upper surfaces exposed to the moist 
air but protected from dripping water. Specimens shall remain in the 
molds for at least 20 hr.; if removed from the molds before 24 hr., they 


Rounds land 3 Rounds 2and 4 


Fic. 1.—Order of Tamping in Molding of Test Specimens. 


shall be kept on shelves of the moist closet or moist room until expiration 
of the 24-hr. period. When 24 hr. old, the specimens shall be immersed in 
clean water in storage tanks constructed of non-corroding materials. The 
storage water shall be kept clean by frequent changing. 


Testing of Cubes" 


14. (a) Testing of the cube specimens shall be carried out immediately 
after their removal from the moist closet for 24-hr. specimens, and from 
storage water for all other specimens. If more than one specimen at 4 
time is removed from the storage water for testing, these cubes shall be 
placed in a pan of water of sufficient depth to completely immerse each 
cube until its removal for testing. The load shall be applied to the faces 
of the cubes that were in contact with the true plane surfaces of the mold. 


These faces shall be checked by application of an accurate straight edge 

(Note 3). If appreciable curvature is present, the face or faces shall be 

ground to a plane surface before loading, or the specimens shall be dis- 


carded. 
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(b) Loose sand grains or incrustations shall be removed from the 
contact faces and cubes shall then be carefully placed in the testing machine 
race below the center of the upper bearing block. No cushioning or bedding 
d of materials shall be used. ‘The loading up to 50 per cent (25 per cent for 


me at expected maximum loads of less than 4000 Ib. at ages of 7 days or less) of 
tof B the expected maximum load may be applied at any convenient rate, after 
uight which the specimens shall be loaded continuously to failure at a rate or 


rates which shall at no time be less than 1000 nor more than 6000 Ib. per 
sq. in. per min.! 


. the Calculation of Strength 


noist 15. The total maximum load indicated by the testing machine shall 
the be recorded, and the compressive strength calculated in pounds per square 
they inch from the cross-sectional area of the cube tested (Note 4). Cubes that 


are manifestly fauity or that give strengths differing more than 10 per cent 
irom the average value of all test specimens made from the same sample 
and tested at the same period shall not be considered in determining the 


compressive strength (Note 5). 
Notes 


Nore 1.—Segregation of Graded Sand: The graded Ottawa sand should be handled 

in such a manner as to prevent segregation, since variations in the grading of the sand 
se variations in the consistency of the mortar. It is recommended that each sack 
and be emptied when delivered to the laboratory for use and its contents mixed by 
means of a shovel or scoop. ‘The sand may then be resacked if desired and scooped 


tion lirectly from the sack as needed in testing. In both of these operations care should be 

din taken to prevent segregation. In emptying sacks of sand into bins or in scooping it 

The it of bins, care should be exercised to prevent the formation of mounds of sand or : 
raters in the sand, down the slopes of which the coarser particles will roll. Bins should 
e of sufficient size to permit the above precautions. Devices for drawing the sand 
‘rom bins by gravity should not be used. 


Note 2.—Water-tight Molds: The mixture of paraffin and resin specified for 

tely sealing the joint between mold and base plate may be found difficult to remove when 

c molds are being cleaned. A water-tight joint may be secured with paraffin alone by 

slightly warming the mold and base plate before brushing the joint. Molds so treated 

should be allowed to return to room temperature before use. Use of straight paraffin 

| be s permissible if a water-tight joint is secured. 

| _ Nore 3.—Cube Faces: Results much lower than the true strength will be obtained 

oy loading faces of the cube which are not truly plane surfaces. ‘Therefore, it is 

ld. ‘sential that cube molds be kept scrupulously clean, as otherwise large irregularities ' 
in the surfaces will occur. Instruments for cleaning of molds should always be softer 


dge tha 
“A tian the metal in the molds to prevent wear. In case grinding of cube faces is neces-. 
. ' While the data presented in the re i lorki 
_ mit ne port of the 1933 cooperative tests (see the Report of Working Com- 
dis mittee on Plastic Mortar Tests for Portland Cement, of Committee C-1 on Cement, Proceedings, Am. 


World Mats.. Vol. 34, Part I, p. 322 (1934)) do not give conclusive evidence on effect of rate of loading, the 
per aq g Committee favors the use of a uniform rate of loading of about 4000 Ib. per sq. in. per min. (1000 Ib. 
in. per min. for low-heat portland cements at ages of 7 days or less). 


= 
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sary, it can be accomplished best by rubbing the cube on a sheet of fine emery paper or 
cloth glued to a plane surface, using only a moderate pressure. Such grinding i 


tedious for more than a few thousandths of an inch; where more than this is four 
necessary, it is recommended that the cube be discarded. 


Note 4.—Calculation of Strength: Ordinarily, the cross-sectional area of the 
cube tested may be assumed to be 4.00 sq. in.; however, in cases where the area of the 
cube varies more than 0.06 sq. in. from 4.00 sq. in., the actual area shall be used for 


calculation of the compressive strength. 


Note 5.—Faulty Cubes: Faulty cubes may result from occlusions of air during 
molding unless care is exercised. All indentations resulting from the puddling of th 


lower layer of mortar should be smoothed out before introducing the top layer. Exce 


puddling, resulting in segregation of the materials, should be avoided. In testing, 
cubes should be loaded to destruction and after rupture their centers examined for air 


pockets. Improper centering of cubes resulting in oblique fractures or lateral m 


ment of one of the heads of the machine during loading will often cause lower strengt! 
results. Cubes so broken shall be considered as “manifestly faulty” unless their 
strengths agree within reasonable limits with those of cubes exhibiting a normal 


pyramidal fracture. 
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TENTATIVE SPECIFICATIONS 
FOR 


BUILDING BRICK (MADE FROM CLAY OR SHALE)! 
A.S.T.M. Designation: C 62 - 37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1935; REVISED, 1936, 1937. 


1. (a) These specifications cover brick made from clay or shale and 
burned, and which are intended for use in brick masonry. ‘Three grades of 
brick are covered, as follows: 

Grade SW.—Bricks intended for use where exposed to temperature 
below freezing in the presence of moisture. 

Note.—As a typical example, bricks used for foundation courses and parapets in 
the northeastern quarter of the United States should conform to this grade. 

Grade MW.—Bricks intended for use where exposed to temperature 
below freezing but unlikely to be saturated with water. 

Note.—As a typical example, bricks exposed in the face of the wall other than parapet 

t foundations, or bricks intended for structures located in regions of the United States 


aracterized by less severe frost action or by drier climate than is found in the north- 
eastern quarter of the United States, should conform to this grade. 


Grade NW .— Bricks intended for use as back-up or interior masonry, 
ir if exposed, for use where no frost action occurs; or if frost action occurs 
where the average annual precipitation is less than 15 in. 

(b) Where bricks having strengths greater than called for by these 
specifications are required, the purchaser should specify the desired minimum 
ompressive strength. 


oe Note.—See “Modifications in Recommended Minimum Requirements for Masonry 
Wall Construction,” Report of Building Code Committee of U.S. Department of Commerce 
1931). In this report the following four grades of brick according to compressive strength, 
sted flatwise, are recognized: 1500 to 2500, 2500 to 4500, 4500 to 8000, and over 8000 
). per. sq. in, 


Properties 


2. (a) The bricks shall conform to the physical requirements for the 
grade specified, as follows: 


the Ricx the standardization procedure of the Society, these specifications are under the jurisdiction of 
ie A.S.T.M. Committee C-15 on Manufactured Masonry Units. 

a Tentative Specifications are in effect a tentative revision of, and are intended to supersede when 

are M Standard, the present Standard Specifications for Building Brick (Made from Clay or Shale) 
~9-1.M. Designation: C 62 = 30), 1936 Book of A.S.T.M. Standards, Part II, p. 119. 
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Compressive Strength Water Absorption by 
(bricks flatwise), 5-br. Boiling, C/B Ratio* 


average gross area 


Average of | Individual | Average of | Individual | Average of | Individusl 
ini i 5 Bricks 


5 Bricks Minimum 5 Bricks Maximum Maximum 
2500 2500 20 20 0.80 0.80 
2500 2000 20 25 0.85 0.9 
I tidtsdninavenscnccncnsuames 1500 1250 no limit no limit no limit no limit 


* The ratio C/B is the ratio of absorption by 24-hr. submersion in cold water to that after 5-hr. submersion in boiling water 


(b) Unless otherwise specified by the purchaser, bricks of Grades SW 
and MW shall be accepted in lieu of Grade NW, and Grade SW in lieu 
of Grade MW. 

(c) If the average compressive strength is greater than 8000 lb. per 
sq. in. or the average water absorption is less than 8 per cent by weight after 
5-hr. submersion in boiling water, or less than 6.4 per cent after 24-hr. 
submersion in cold water, the requirement for C/B ratio shall be waived. 


Test Specimens 


3. For purpose of tests, bricks representative of the commercial 
product shall be selected by a competent person appointed by the purchaser, 
the place or places of selection to be designated when the purchase order is 
placed. The manufacturer or seller shall furnish specimens for tests without 
charge. All bricks shall be carefully examined and their condition noted 
before testing. For the purpose of tests, not less than five brick shall be 
required for each investigation. In general, two samples of five brick 
each shall be tested for each 100,000 bricks contained in the lot under con- 
sideration; but where the total quantity exceeds, 500,000, one sample of 
five brick from each 100,000 shall be tested. Additional representative 
samples may be taken at any time or place at the discretion of the purchaser. 


Standard Sizes 


4. The standard sizes of brick made from clay or shale shall conform 
to the following dimensions, within permissible variations of + 7¢ in. In 
depth, +} in. in width, and +} in. in length: 


DeptH, IN. WIDTH, IN. LENGTH, IN. 


Workmanship and Finish 


5. When any particular surface appearance or uniformity is desired, it 
shall be as mutually agreed upon by the manufacturer and the purchaser. 
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Visual Inspection 
6. All brick shall be free from cracks, warpage, stones, pebbles, or 
particles of lime that would affect their serviceability or strength. 


Methods of Testing 


7. The bricks shall be tested in accordance with the Standard Methods 
of Testing Brick (Compressive Strength and Absorption) (A.S.T.M. 
Designation: C 67) of the American Society for Testing Materials. : 


11937 Supplement to Book of A.S.T.M. Standards, p. 78. 
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TENTATIVE SPECIFICATIONS 
FOR 


GLAZED BUILDING UNITS! 


A.S.T.M. Designation: C 126-37 


This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
] Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1936; REVISED, 1937.2 
Scope 


1. These specifications cover brick, tile, and other masonry building 
units of clay or shale with a finish consisting of a vitreous glaze, excluding 
. natural salt glazed ware. 


Sizes 


2. (a) The units shall be of the sizes and shapes specified (see 
Explanatory Note 1), no dimension differing by more than 2 per cent from 
that specified. 

(b) The units may be either solid or cored, but the area of the cells 
shall not exceed 40 per cent of the gross area of a section perpendicular to 
the axis of the cells. The area of the cells in units intended for use where 
subjected to impact shall not exceed 25 per cent of the gross sectional area. 


Workmanship 


3. (a) All units shall be straight with sharp edges and corners, unless 
otherwise specified. Faces intended to be plane shall have no distortions 
greater than 1 per cent of the larger dimension of the face. 

(6) All surfaces that will be exposed when the units are in place shall 
be finished with a glaze of uniform quality. The glaze shall be free from 
chips, crazes, blisters, crawling and other imperfections. 


Poet 


4. The texture and color of the finish shall be as specified (see 
Explanatory Note 2). 


1 Under the gtandastination procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-15 on Manufactured Masonry Units. “ 
2 Revision accepted by Committee E-10 on Standards, August 26, 1937. 
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Imperviousness of Finish 

5. No trace of the stain shall remain on the finish after the staining 
test, except that, if a finish with a matt texture is specified, a slight dis- 
coloration in depressions will not be cause for rejection. 
Opacity of Finish 


6. When an opaque glaze is specified no penetration of the stain shall 
be visible through the finish within 5 min. after the staining solution has 


Acid Resistance of Finish 
7. Neither the texture nor the color of the finish shall be altered wy 
the exposure in the acid resistance test." 


Resistance to Crazing 


8. The finish shall not craze, spall, peel, or crack during the exposure 
in the autoclave test. 


Absorption of Body 


9. When the units are intended for use where exposed to frost action, 
the absorption of the body of the unit by 24-hr. submersion in cold water 
shall not exceed 14 per cent, and in addition the units shall conform to at 
least one of the following requirements for absorption: 


(a) The absorption by 24-hr. submersion in cold water shall not exceed 
7 per cent. 
(6) The ratio of the absorption by 24-hr. submersion in water to the 
absorption by 5-hr. submersion in boiling water shall not exceed 
0.80. 
Inspection 


10. Facilities shall be —? the purchaser for sampling and inspec- 
tion at either the plant or the site of the construction, as specified by the 
purchaser. At least 5 days from the time of sampling shall be allowed 
for the completion of the tests. 

Rejection 


11. At the option of the purchaser, a lot of units may be rejected if it 
fails to meet any of the requirements of these specifications. 


SAMPLING AND METHODS OF TESTING oe 
Sampling 


12. (2) Specimens of whole building units shall be selected by the 


purchaser or his representative at the place or places designated in the _ 
purchase order. 


(b) Five __\) Five specimens shall be tested for a lot of 10,000 units or fraction 
” etended esas as a measure of resistance of colored finishes to fading. 
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| thereof; for larger lots 5 additional specimens shall be tested for each Abs 
30,000 units or fraction thereof. 

] (c) Other samples may be taken at any time or place at the discretion Me 

of the purchaser. Ab 

(d) The manufacturer or seller shall furnish for testing, without charge, Te 


a minimum of 10 units and additional specimens up to 0.1 per cent of each 


size and finish in the lot. 7 
Imperviousness of Finish Test 
13. Liquid ink or methylene blue shall be applied liberally to the 
finish, and allowed to remain for 5 min. ‘The surface shall then be washed 


with a wet cloth and running water, and examined for staining of the finish. 


Opacity Test of Finish 


14. Liquid ink or methylene blue shall be applied to the body of dry 
specimens of glazed building units at an edge of a finished surface. After 
5 min. the finish shall be examined for opacity. 


Acid Resistance Test of Finish 


15. A portion of the glazed surface of one or more of the specimens of 
each texture and color shall be submerged in a 10 per cent solution of 
hydrochloric acid at a temperature of 60 to 80 F. (15 to 27 C.) for 3 hr. 
The finish shall then be rinsed, dried, and examined for changes of texture 
and color. 


Resistance to Crazing Test _ 


(Autoclave Test) 


16. Dry specimens, previously tested for imperviousness of finish 
(Section 13), shall be placed above the water in an autoclave. Units which 
have been tested also for opacity (Section 14) and acid resistance of finish 
(Section 15) may be used. The pressure within the autoclave shall be 
increased gradually by admitting saturated steam or by heating the water, 
the air being allowed to escape until substantially all of the air has been 
replaced by steam. The pressure shall be increased to between 20 and 50 
lb. per sq. in. in 30 min., to between 60 and 100 Ib. per sq. in. in 60 min., 
and to 150 Ib. per sq. in. in from 80 to 120 min. after the beginning of the 
steaming. The pressure shall be held at 150 + 5 lb. per sq. in. for | hr. 
The pressure shall then be released in a period of from 10 to 30 min. and the 
specimens then allowed to cool gradually to room temperature. A record of 
either the temperature or the pressure within the autoclave shall be main- 
tained, including values of either temperature or pressure at intervals not to 
exceed 10 min. during the test. Ink of a color differing from that of the stain 
used in the test for imperviousness of finish shall then be applied to the finish 
and allowed to stand for 5 min. The surface shall then be washed with a 
wet cloth and running water, and examined for crazing of the glaze. 
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each Absorption Test 
17. The absorption tests shall be made in accordance with the Standard 
tion Methods of Testing Brick (Modulus of Rupture, Compressive Strength, 
Absorption) (A.S.T.M. Designation: C 67) of the American Society for — 
Testing Materials.’ 
ach 
EXPLANATORY NOTES | 
the Note 1.—The following sizes and shapes are standard in the industry: ( 7 
h ed HEIGHT, IN. LENGTH, IN. THICKNESS, IN. 
: 2} 8 12, 1%, or 33 
ish. 33 8 13, 14, or 3} 
5 8 1%, 14, or 3 
5 10 12, 14, or 33 
Ss. 12 13, 14, or 3; 
dry 6 13°12 or 3 
fter 7 73 13, 1}, or 3 
7% 16 12, 14, or 3 
103 12 13, 1}, or 3 
12 12 13, 14, or 3} 
s of Note 2,—As an aid to the designer, the textures and colors listed below are standard in 
the industry. All colors and textures, however, are not available in all areas; additional 
| of olors and textures are available in some markets. It is suggested, therefore, that the 
hr. lesigner inquire into the colors and textures available in the locality where the product is 
to be used. 
ure 
CHART OF TEXTURES AND COLORS OF GLAZED BUILDING UNITS STANDARD 
IN THE INDUSTRY 
Textures Colors 
ish Ceramic Glazed | Coated Glaze Glazed Ceramic Glazes 
ich Lustrous Gloss Gray _ Light Shades Trim Shades 
ish Gloss Cream White Black 
Satin Light buff Cream Browns 
be Matt — Medium buff Ivory Blues 
Porcelain Dark buff Buff Greens 
ef, ; Orange Tan Reds 
Maroon Gray Yellow 
en Grays and Creams Various Light Speckles | Gold 
Creams and Light Buffs | Stipples or Ripples of the | Stipples, Ripples, or Mot- 
50 % Blends of { Light and Medium Buffs| abovelight colors tles of the above dark 
Medium and Dark Buffs | Mottles of two or more _ colors 
in., ; Full Range the above light colors | Mottles of trim and light 
Mottles of light and trim colors, predominatingly 
the - colors, predominatingly | dark 
of light colors 
hr. = 
he ! 1937 Supplement to Book of A.S.T.M. Standards, p. 78. 
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TENTATIVE SPECIFICATIONS 
FOR 


PAVING BRICK! 
A.S.T.M. Designation: C 7-37 T 
_ This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED AS TENTATIVE, 1913; ADOPTED, 1915; REVISED, 1930; REISSUED AS TENTATIVE, 
1937; REVISED, 1937.2 


Scope 


1. These specifications cover vitrified brick used in the construction 
of pavements. 


MANUFACTURE 


General Requirements 


fire clay, semi-fire clay 


2. Paving brick shall be manufactured from 
or shale, or combinations thereof. ‘The manufacturing process shall be 
such that the brick are thoroughly annealed, tough, durable and evenly 
burned so that, when broken, they show a uniformly dense structure free 
from lime, air pockets and marked laminations. The name of the brick or 
the manufacturer shall be impressed on the side or end of each brick in 


Side Lugs 


3. The brick shall be provided on one side with not less than two lugs, 
which shall be not less than $ in. nor more than } in. in height. The area 
of the projections or lugs measured at the base of the lug shall not exceed in 
total area 3 sq. in. No lug shall be continuous from top to bottom of the 
brick, but shall be of a type that allows free horizontal flow of the filler. 


End Lugs 


4. Vertical fiber brick shall be provided with not less than two non- 
continuous lugs or portions of lugs on each end of each brick. Lugs shall 
be non-meshing and shall have a total base area of not more than 23 sq. ID. 
and shall be manufactured so there may be free horizontal flow of the filler. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee C-15 on Manufactured Masonry Units. . . Paving 
_ These specifications are in effect a revision of and replace the former Standard Specifications for ng 
Brick (C 7 - 30), which standard was accordingly discontinued in 1937. 
2 Latest revision accepted by Committee E-10 on Standards, August 26, 1937. 


of 
siz 
| 
tee 
Pre 
Re 
| 
t 
L 


ion 


SPECIFICATIONS FOR Pavinc Brick (C 7-37 T) 


The lugs shall project from the ends of the brick so as to insure an end joint 
of not less than 3 in. nor more than } in. in width. 


Types and Sizes 

5. Paving brick shall conform to the following types and nominal 
sizes. The dimensions of the brick shall_be construed as applying to the — 
body of the brick only, exclusive of lugs. 


DEPTH, IN. In. IN. 


Repressed Lug Brick 4 
23 4 8h 
Vertical Fiber Lug Brick 7 4 gh 


4 83 


Note.—The above sizes and varieties are those recognized by the Permanent Commit- 
tee on Simplification of Varieties and Standards for Vitrified Paving Brick, Simplified 
Practice Recommendation R 1-36, of the U. S. Department of Commerce, for the years 
1936 and 1937, and are subject to change from year to year. 


Repressed Brick 


6. The edges of repressed brick shall be rounded to a radius of hot. 
more than ;; in. 


Permissible Variations in Size 


7. For any lot of paving brick furnished under these specifications, 
the individual bricks shall not vary from the nominal size requirements 
specified in Section 5 by more than = } in. in either transverse dimension, 
exclusive of kiln marks, or by more than +} in. in length. _ oe 


PHYSICAL PROPERTIES AND TESTS 
Loss in Rattler Test 
8. (a) The percentage of loss in the rattler test of the respective sizes 
of paving brick specified shall not exceed the following maximum limits: 
Sizz oF Brick Maximum Loss IN 


RSE RATTLER TEST, 
DIMENSIONS, PER CENT 
IN. IN 


(b) The total number of pieces weighing 1 lb. or more remaining after _ 
the completion of the rattler test shall not exceed 12. 


VISUAL INSPECTION 
Rejection by Visual Inspection 
9. Paving brick shall be subject to visual inspection prior to shipment, 

after delivery, and during laying for the purpose of culling out and rejecting 
individual imperfect brick. Subject to the exceptions specified in Paragraph 
(6), individual brick may be culled and rejected for the following causes: 

(a) Variation in Size.—Brick which vary from the nominal size specified 
in Section 5 by more than + 3 in. in either transverse dimension, exclusive 
of kiln marks, or by more than +? in. in length. 
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(b) Broken or Chipped Brick.—Brick which are chipped or broken s 
that neither wearing surface remains substantially intact, or so that th 
lower, or bearing surface is reduced in area more than 15 per cent, or are 
weakened structurally. However, brick so rejected but otherwise accept. 
able may be used for part-brick for beginning courses and for batting 
provided the portion so used meets all of the requirements for visual 
inspection. 

(c) Cracked Brick.—Brick which are cracked to such a degree, either 
from shocks received in shipping and handling or from defective manufac- 
ture, as to produce defects described in Paragraph (6), unless such cracks 
are plainly superficial and insufficient to weaken the brick under the 
conditions of use. 

(d) Warped or Kiln-Marked Brick.—Brick which are kiln-marked 
more than 3% in. or which are misshapen, bent or twisted so that they will 
not form a proper surface, or align with other brick in conformance with 
the specifications for laying brick in the pavement. Vertical fiber brick 
shall have no kiln-marks in the wire cut surface. 

(e) Under-Burned Brick.—Brick which are obviously too soft and too 
poorly vitrified to endure traffic wear. If disagreement on this requirement 
arises between the purchaser and the seller it shall be the right of the 
purchaser to make one or more rattler tests of the brick he wishes to exclude, 
and if in any or all tests the brick fail to conform to the requirements of 


these specifications, then all brick having the same objectionable appearance 
may be excluded. 


_ACCEPTANCE AND REJECTION 


Basis of Acceptance 


10. Acceptance of any lot of paving brick shall be based on the results 
of tests on samples representing that lot, subject only to rejection at any 

y time of individually imperfect or unsatisfactory brick, in accordance with 

the requirements under Section 11. . 


Retesting 


11. (a) If the percentage of loss in the rattler test on any sample 
exceeds by 2 per cent or less the maximum permissible rattler loss specified 
in Section 8 (a) for the size specified, or if the number of pieces weighing 
1 lb. or more remaining after the completion of the rattler test exceeds 12 
as specified in Section 8 (b), two additional tests shall be made. Fach of 
these additional tests shall comply with the requirements of both Section 
8 (a) and (6) and, in addition, the average rattler loss for the three tests 
shall not exceed the maximum permissible loss specified in Section 8 (2). 

(6) Where a lot of paving brick is rejected for failure to meet the test 
requirements prescribed in these specifications, the purchaser may, at his 
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option, permit the seller to regrade the rejected brick and again offer the 
brick for test and acceptance. The regraded brick shall be resampled and 
tested and if they again fail, the purchaser may definitely and finally reject 
the lot for which the test is representative. 


Payment for Cost of Testing 


12. Unless otherwise agreed, the seller shall furnish at the place of 
manufacture, without charge to the purchaser, the use of an approved 
rattler in efficient operating condition, conforming to the requirements 
specified in Section 15. Payment of the cost of testing shall be made by 
the purchaser, except that the cost of testing additional samples in accord- 
ance with Section 11, made necessary by the failure of any lot or lots, or of 
testing supplemental samples to determine the admissibility of a portion 
of any lot or lots, shall be paid by the seller; provided, however, that if 
the supplemental tests show the brick under examination to be acceptable, 
then the cost of such tests shall be paid by the purchaser. 


SAMPLING > 
Standard Sample 


13. The standard sample for the rattler test shall consist of ten whole 
indamaged brick which conform individually to the visual inspection 
requirements specified in Section 9. 


Selection of Sample 


14. (a) Samples shall preferably be selected at the place of manu- 
facture and tested prior to shipment. However, in special cases where less \. 
than 100,000 brick are involved, samples, when required, may be selected 

subsequent to delivery at the destination. 


Number of Standard Samples 


(b) In general, one standard sample shall be selected for each 15,000 
brick or fracti f; ling is 
rick or fraction thereof; provided, however, that when the sampling is 
done at the place of manufacture prior to shipment and the total number of 
brick involved is more than 100,000 brick, the number of brick for which 
one standard sample is considered representative may be increased at the 


option of the purchaser to not more than 50,000 brick. 
RATTLER TEST 


Apparatus 


15. The machine! used in the rattler test shall be of good mechanical 
construction, self-contained, and shall conform to the following details of 
material and dimensions, and shall consist of barrel, frame and driving 
mechanism as described in Sections 16 to 20. 


1936 A detailed illustration of a rattler which will meet the requirements specified appears in Plate I of the 
Book of A.S.T.M. Standards, Part II, p. 128. <A copy of this plate showing the construction of the 


Piedra gllable from the Headquarters of the American Society for Testing Materials, 260 S. Broad St., 
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Barrel 


16. The barrel of the machine shall consist of the heads, headliners, 
staves, and staveliners conforming to the following requirements: 

(a) Heads.—The heads may be cast in one piece with the trunnions 
which shall be 2; in. in diameter, and shall have a bearing 6 in. in length; 
or they may be cast with heavy hubs, which shall be bored out for 27,-in. 
shafts and shall be key-seated for two keys, each } by 3 in. and spaced 90 
deg. apart. The shaft shall be a snug fit and when keyed shall be entirely 
free from lost motion. ‘The distance from the end of the shaft or trunnion 
to the inside face of the head shall be 15 in. in the head for the driving end 
of the rattler and 113 in. for the other head, and the distance from the fac: 
of the hubs to the inside face of the heads shall be 5} in. 

The heads shall not be less than ? nor more than j in. in thickness. 
In outline, each head shall be a regular 14-sided polygon inscribed in a 
circle 28% in. in diameter. Each head shall be provided with flanges not 
less than } in. in thickness and extending outward 23 in. from the inside 
face of the head to afford a means of fastening the staves. The surface of 
the flanges of the head shall be smooth and give a true and uniform bearing 
for the staves. To secure the desired true and uniform bearing, the surfaces 
of the flanges of the head shall be either ground or machined. The flanges 
shall be slotted on the outer edge, so as to provide for two ?-in. bolts at each 
end of each stave, the slots to be 32 in. in width and 23 in. center to center. 
Each slot shall be provided with a recess for the bolt head, which shall act 
to prevent the turning of the same. Between each two slots there shall be 
a brace 3 in. in thickness extending down the outward side of the head not 
less than 2 in. 

(b) Headliners.—There shall be for each head a cast-iron headliner, 1 
in. in thickness and conforming to the outline of the head, but inscribed in 

a circle 28} in. in diameter. ‘This headliner shall be fastened to the head by 
seven 3-in. cap screws, through the head from the outside. Whenever 
these headliners become worn down } in. below their initial surface level, 
at any point of their surface, they shall be replaced with new ones. The 
metal of these headliners shall be hard machinery iron and should contain 
not less than 1 per cent of combined carbon. 

(c) Staves—The staves shall be made of 6-in. medium-carbon steel 
structural channels 27} in. in length and weighing 15.5 lb. per lineal foot. 
The staves shall have two holes 43 in. in diameter, drilled in each end, the 
center line of the holes being 1 in. from the end and 13 in. either way from 
the longitudinal center line. The spaces between the staves shall be as 
uniform as practicable, but shall not exceed ;; in. 

(d) Staveliners——The interior or flat side of each stave shall be pro- 
tected by a liner 3 in. thick by 5} in. wide by 193 in. long. ‘The liner shall 
consist of medium-carbon steel plate, and shall be riveted to the channel by 
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three }-in. rivets, one of which shall be on the center line both ways and the 
other two on the longitudinal center line and spaced 7 in. from the center 
each way. ‘The rivet holes shall be countersunk on the face of the liner and 


ions the rivets shall be driven hot and chipped off flush with the surface of the 
ath; liners. ‘These liners shall be inspected from time to time, and if found 
in. loose shall be at once re-riveted. 

90 Preliminary Operation 

ely 17. When a new rattler, in which a natin ‘set of new staves is 


- furnished, is first put into operation, it shall be charged with 400 lb. of shot 
mad of the same sizes, and in the same proportion as provided in Section 21, and 
- shall then be run for 18,000 revolutions at the rate of speed specified in 
Section 25 (a). ‘The shot shall then be removed and a standard shot charge 
inserted after which the rattler may be charged with brick for a test. 
not Relining 
ide 18. No stave shall be used for more than 70 consecutive tests without 
‘of renewing its lining. ‘Two of the 14 staves shall be removed and relined at a 
ing time in such a way that of each pair, one falls upon one side of the barrel 
ces and the other upon the opposite side, and also so that the staves changed 
7es shall be consecutive, but not contiguous: for example, 1 and 8, 3 and 10, 
ch 5 and 12, 7 and 14, 2 and 9, 4 and 11, 6 and 13, etc., to the end that the 
er, interior of the barrel at all times shall present the same relative conditions 
ct of repair. The changes in the staves should be made at the time when the 
be shot charges are being corrected, and the record must show the number of 
ot charges run since the last pair of new lined staves was placed in position. 
The staves when bolted to the heads shall form a barrel 20 in. in length, 
1 inside measurement, between headliners. The liners of the staves shall be 
in so placed as to drop between the headliners. ‘The staves shall be bolted 
yy tightly to the heads by four 3-in. bolts and each bolt shall be provided with 
er a locknut and shall be inspected at not less frequent intervals than every 
|, fifth test and all nuts kept tight. A record shall be made after each 


1e inspection showing in what condition the bolts were found. : 
Barrel Frame 


19. The barrel shall be mounted on a cast-iron frame of sufficient 
' strength and rigidity to support it without undue vibration. It shall rest 
on a rigid foundation with or without the interposition of wooden plates, 
and shall be fastened thereto by bolts at not less than four points. 


s Driving Mechanism 
20. The barrel shall be driven by gearing whose ratio of driver todriven 
not less than 6 in. in length. If a belt drive is used, the pulley shall be not 


)- is not less than one to four. ‘The counter shaft upon which the driving 


pinion is mounted shall not be less than 143 in. in diameter, with a 


= 
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less than 18 in. in diameter and 6} in. in face. A belt at least 6 in. in width, 
properly adjusted, to | avoid unnecessary slipping, should be used. 
Abrasive Charge 


21. The abrasive charge shall consist of cast-iron spheres of two sizes, 

(a) Large Spheres.—-When new, the larger spheres shall be 3.75 in, 
in diameter and shall weigh approximately 7.5 lb. (3.40 kg.) each. Ten 
spheres of this size shall be used. These shall be weighed separately after 
each ten tests, and if the weight of any large sphere falls to 7 lb. (3.175 kg.) 
it shall be discarded and a new one substituted; provided, however, that 
all of the large spheres shall not be discarded and substituted by new ones 
at any single time, and that in so far as possible the large spheres shall 
compose a graduated series in various stages of wear. 

(b) Small Spheres.—When new, the smaller spheres shall be 1.875 in. 
in diameter and shall weigh approximately 0.95 lb. (0.43 kg.) each. In 
general, the number of small spheres in a charge shall not fall below 245 
nor exceed 260. ‘The collective weight of the large and small spheres shall 
be as nearly 300 lb. as possible. No small sphere shall be retained in use 
after it has been worn down so that it will pass a circular hole 1.75 in. in 
diameter, drilled in an iron plate } in. in thickness, or weigh less than 0.75 
lb. (0.34 kg.). 

Further, the small spheres shall be tested by passing them over the 
plate mentioned or by weighing, after every ten tests, and any which pass 
through or fall below the specified weight, shall be replaced by new spheres, 
provided, further, that all of the small spheres shall not be rejected and 
replaced by new ones at any one time, and that so far as possible the small 
spheres shall compose a graduated series in various stages of wear. At 


any time that any sphere is found to be broken or defective it shall at once 
be replaced. 


Chemical Composition of Charge 


22. (a) The cast-iron abrasive spheres shall conform to the following 
requirements as to chemical composition: 


Combined carbon, min., per cent 
Graphitic carbon, max., per cent 


(b) For each new batch of spheres used, the chemical analysis shall 
be furnished by the maker or be obtained by the user, before introducing 
the spheres into the charge, and unless the analysis conforms to the require- 
ments specified, the batch of spheres shall be rejected. 
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Scales 

23. The scales used shall be placed on a solid level foundation and 
shall be sufficiently sensitive to determine the initial weight of 10 bricks 
to the nearest 0.1 lb. The scale shail be tested by a standard test weight 
at intervals of not more than every ten tests. 


Test Specimen 

24. The number of brick per test shall be ten whole bricks for all weights 
of brick, and the brick shall be weighed to the nearest 0.1 lb. No brick 
should be selected as part of a regular test that would be rejected by any 
other requirements of the specifications under which the purchase is made. 


Procedure 


25. (a) The test shall consist of 1800 revolutions of the rattler at the 
rate of not less than 29.5 nor more than 30.5 r.p.m. A counting machine 
shall be attached to the rattler for counting the revolutions. A margin 
not to exceed ten revolutions will be allowed for starting and stopping. 
Only one start and stop per test is, in general, acceptable. If, from acci- 
dental causes, the rattler is stopped and started more than once during a 
test, and the percentage loss exceeds the maximum permissible under the 
specifications, the test shall be disqualified and another made. 

(b) Any test, at the expiration of which a staveliner is found detached 


from the stave or seriously out of position, shall be rejected. © ee 
Percentage Loss of Weight 


26. The loss shall be calculated as a percentage of the original weight 
of the brick composing the charge, by weighing the brick remaining in the 
rattler at the end of the test, deducting this weight from the original weight 
of the brick, dividing this difference by the original weight of the brick and 
multiplying by 100, as follows: 

Original Weight — Weight after Testing 
Original Weight 

In weighing the rattled brick, any piece weighing less than 1 lb. shall be 

rejected. 


Percentage of Loss = 


x 100 


Rattler Record 


27. A complete and continuous record shall be kept of the operation 
of all rattlers working under the rattler test. This record shall contain 
the following data concerning each test made: 


. The name of the person, firm or corporation furnishing each sample tested. 
. The name of the maker of the brick represented in each sample tested. _ 
. The name of the street or contract, which the sample represented. 
. The brands or marks upon the bricks by which they were identified. 
. The number of bricks furnished. a 
- The date on which they were received for test. 
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. The date on which they were tested. 

. The drying treatment given before testing, if any. 

. The length, width and thickness of the bricks. 

. The collective weight of the ten large spherical shot used in _ the test 
at the time of their last standardization. 

. The number and collective weight of the small spherical shot used in making 
the test at the time of their last standardization. 

. The total weight of the shot charge, after its last standardization. 

. Certificate of the operator that he examined the condition of the machine 
as to staves, liners, and any other parts affecting the barrel, and found 
them to conform to the requirements at the beginning of the test. 

. Certificate of the operator of the number of charges tested since the last 
standardization of shot charge and last renewals of stave liners. 

. The time of the beginning and ending of each test, and the number of revolt 
tions made by the barrel during the test, as shown by the counting 
machine. 

. Certificate of the operator as to number of stops and starts made in each test. 

. The initial collective weight of the ten brick composing the charge and their 
collective weight after rattling. 

. The number of broken bricks and remarks upon the portions which were 
included in the final weighing. 

. General remarks upon the test and any irregularities occurring in its execution. 

. The certificate of the operator that the test was made in accordance with 
the requirements of the American Society for Testing Materials and 
that the record is a true record. 

. The signature of the operator or person responsible for the test. 

. The location of the laboratory where the test was made and name of the 
owner. 

. The serial number of the test. 


In the event of more than one copy of the record of any test being 
required, they may be furnished on separate sheets and marked duplicate, 
but the original record shall always be preserved intact and complete. 
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Grade MA.—Brick intended for use in structures requiring imper- 
viousness and resistance to the action: (a) of sewage free from abrasive 
materials, and (6) of sewage carrying abrasive materials at velocities of 
8 ft. per sec. or less. 

Grade NA.—Brick intended for use in structures not requiring high 
degrees of imperviousness nor of abrasive resistance. 


Note.—Bricks of Grade NA are suitable for use in catch basins, arches, the upper 
portions of manholes, and for backing. 


Properties 


2. (a) The brick shall conform to the aitatd requirements for the 
grades specified, as follows: 


C Comareniive Strength, Water Absorption by 
per sq. in., 5-hr. boiling, per cent 
average gross area 


Average of | Individual | Average of | Individual 
5 Bricks Minimum 5 Bricks Maximum 


8000 5000 6 9 
5000 3000 12 16 
2500 2000 


* Where resistance to frost action in the presence of moisture is required, Grades MA and N A shall conform to the additional 
eee that the ratio of absorption by 24-bhr. submergence in cold water to that after 5 hr. in boiling water, C/B ratio, shall 


i i the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T. roll. Committee C-15 on Manufactured Masonry Units. 
Specifications are in effect a revision of and replace the former Standard Specifications for Clay 
Brick (C 32 - 24), which standard was omy discontinued i in 1937. 


TENTATIVE SPECIFICATIONS 
FOR 
SEWER BRICK (MADE FROM CLAY OR SHALE)! 
A.S.T.M. Designation: C 32 -37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 
anual revision. Suggestions for revision should be addressed to the Headquarters of t of the 
iety, 260 S. Broad St., Philadelphia, Pa. 
IssUED AS TENTATIVE, 1921; ADOPTED, 1923; REVISED, 1924; 
es REISSUED AS TENTATIVE, 1937. 
Scope 
1. These specifications cover brick made from clay or shale and 
burned, to be used in drainage structures for the conveyance of sewage, 
industrial wastes, and storm water. Three grades of brick are covered 
as follows: 
Grade SA.—Brick intended for use in structures requiring impervious- 
ness and resistance to the action of sewage carrying large quantities of 
abrasive material at velocities exceeding 8 ft. per sec. 
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(b) Unless otherwise specified by the purchaser, bricks of Grade SA 


the place or places of selection to be designated when the purchase order is 
placed. The manufacturer or seller shall furnish specimens for tests with- 
out charge. All bricks shall be carefully examined and their condition noted 
before testing. 
(b) For the purpose of tests, not less than five brick shall be required 
for each investigation. In general, two samples of five brick each shall 
be tested for each 100,000 bricks contained in the lot under consideration 
_ but where the total quantity exceeds 500,000, one sample of five brick 
from each 100,000 shall be tested. Additional representative samples may 
be taken at any time or place at the discretion of the purchaser. 


Sizes 


4. Brick of one or more of the following designated sizes as specified 
shall be furnished: 


“Size DeptH, IN. WIDTH, IN. LENGTH, IN, 

24 4 8} 


Permissible Variations in Size 
5. For any lot of sewer brick furnished under these specifications, not 
more than 2 per cent of the bricks shall vary from the nominal size require- 
et specified in Section 4 by more than = 3 in. in either transverse dimen- 
- sion, or by more than + } in. in length. 
Materials and Workmanship 

6. (a) The brick shall be manufactured from surface clay, fire clay, 
_or shale, or a combination of these materials. The composition shall be 
such that the finished brick are free from deleterious materials including 
- coarse grains, stones, pebbles, or visible grains of lime. 

(b) Brick shall be of rectangular cross-section with substantially 
straight, square corners. The ends and at least one edge shall have plain 
surfaces. 

(c) When paving brick are used, lugs and grooves will be permitted on 
one edge and the ends. Kiln marks not exceeding ;'; in. in depth shall be 
_ permitted on the opposite edge. 


(d) Brick shall be free from checks or cracks extending into the body 
_ of the brick in a manner that would affect their serviceability or strength. 


shall be accepted in lieu of Grade MA; also Grades SA and MA shall requil 
accepted in lieu of Grade NA. Met! 
Test Specimens Test 

3. (a) For purpose of tests, bricks representative of the commercial a 
product shall be selected by a competent person appointed by the purchaser Mat 
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Note.—Where cored brick are permitted by the purchaser, they shall conform to the 
requirements of these specifications. 


Methods of Testing 

7. Brick shall be tested in accordance with the Standard Methods of 
Testing Brick (Modulus of Rupture, Compressive Strength, Absorption) 
(AS.T.M. Designation: C 67) of the American Society for Testing 
Materials.' 
"44937 Supplement to Book of A.S.T.M. Standards, p. 78. 


sified | 

not | 

| 

nen- 

lay, | 
| be | 
ling 

2 
| on 
| be 

dy 

th. | 


TENTATIVE SPECIFICATIONS AND METHODS OF TEST 

FOR 
CONCRETE UNITS FOR NON-LOAD-BEARING MASONRY! 
A.S.T.M. Designation: C 129-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 


SPECIFICATIONS. 
Scope 


1. These specifications apply to strength, moisture content and 
general requirements of hollow non-load-bearing concrete masonry units 
made from portland cement and suitable aggregates such as sand, gravel, 
crushed stone, bituminous or anthracite cinders, burned clay or shale, and 


blast-furnace slag. 


— 


Compressive Strength 
2. The average compressive strength of five units at the time of de- 
livery to the site shall not be less than the following: 


MEAN OF INDIVIDUAL 
Five Tests ‘MINIMUM 
Compressive strength, based on gross area, - 


350 or over 300 
Moisture Content 
3. The average moisture content in the units at time of sampling 
shall not exceed 40 per cent of the total absorption of the units when 
calculated as described in Section 25. 


Note.—It is recommended that units be stored under cover or otherwise protected 
against wetting until laid in the wall. 


Dimensions and Permissible Variations 
4. (a) No over-all dimension shall vary more than 3 per cent over or 
under the specified dimension for any form or size of unit. 
(b) Minimum face shell thickness shall be not less than } in. at any 
point. 
Materials, Workmanship and Finish 
5. (a) Units shall contain no materials which will stain plaster applied 
thereto. The combustible content present in cinder aggregate shall not 
exceed 35 per cent of the weight of the aggregate. 
' Under the standardization procedure of the Society, these specifications are under the jurisdiction of 


the A.S.T.M. Committee C-15 on Manufactured Masonry Units. 
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(b) All units shall be sound and free from cracks or defects that 
yould interfere with the proper placing of the unit. 

(c) Units which are intended to serve as a base for plaster or stucco 
shall have a sufficiently rough surface to give good bond. 

(d) If a particular surface texture, finish, or uniformity of color is 
required, this shall be as specified in the purchase order. 


Marking 
6. All units shall bear a distinctive mark of the manufacturer or shall 
otherwise be readily identified as to origin. ape *: 


Inspection 
7. The purchaser or his authorized representative shall be afforded 
proper facilities to inspect the units both at the factory and at the site of | 
the work, 
Rejection 
8. Individual units shall be rejected for failure to meet materials, 
size, or workmanship and finish requirements. In case of failure to meet 
the requirements for strength or moisture content, or both, the manu- 
facturer may sort the shipment and new samples shall be selected by the 
purchaser from the retained lot and tested at the expense of the manu- 
facturer. In case the second set of samples fails to meet the test require- 
ments, the entire lot shall be rejected. 


Expense of Tests 


9. Except as specified in Section 8 and unless otherwise agreed, the 
expense of inspection and testing shall be borne by the purchaser. 


METHODS OF TESTING 

SAMPLING 

Selection of Samples for Test . 
10. Samples of full-size units for testing shall be selected by the pur- 
chaser or by his authorized representative at the factory or at the site 
of the work, as specified. If at the site, units for moisture content tests 
shall be selected within 48 hr. after delivery. Samples shall be representa- 

tive of the whole lot of units from which they are selected. OS 


Number of Samples 


11. For the strength and moisture content determinations, ten in- 
dividual units shall be selected from each lot of 10,000 units or fraction 
thereof; 20 individual units from each lot of more than 10,000 and less 
than 100,000 units. For lots of more than 100,000 units, there shall be 
selected 10 individual units from each 50,000 units contained it in the lot. 
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37 T) 
Marking Samples 


12. All units selected for purpose of tests shall be permanently identi. 
fied and accurately weighed before shipment to the laboratory. 4a 
Time Allowed for Testing 

13. At least 10 days shall be allowed for the completion of the tests, 

COMPRESSIVE STRENGTH TESTS 


Test Specimens 


14. Five full-size units, selected i in accordance | with | Sections 1 10 to 13, 
shall be tested. 


Position of Specimens 
15. All specimens shall be tested in a position such that the load is 
applied to the unit in the same direction as in service. : 4 


Capping Test Specimens 

16. (a) Bearing surfaces of the test specimens and portions adjoining 
them, which are liable to absorb water from the plastic capping, shall be 
coated with shellac and allowed to dry. 

(b) A quantity of plastic mortar made of a mixture of one part (by 
volume) of portland cement and one part of unretarded gypsum (plaster 
of Paris) mixed with sufficient water to spread evenly shall be placed ona 
plane surface which has been coated with oil. The surface to be capped 
shall be placed on this mortar, and while holding the specimen so that its 
axis is at right angles to the capping surface it shall be firmly pressed down 
with a single motion. 

(c) The average thickness of the cap after the extruded plaster has 
been removed and the edges trued shall not be more than } in. Patching 
of caps after setting shall not be permitted. Imperfect caps shall be re- 
moved and replaced with new ones. 

(d) Time of Testing —The cap shall be allowed to age at least 6 hr. 


before the specimen is tested. 
Bearing Block 


17. A spherical bearing block of proper design shall be placed on top 
of the test specimen. When the bearing area of the spherical bearing 
block is not sufficient to cover the area of the specimen, metal plates of 
sufficient thickness to prevent appreciable bending shall be placed between 
the spherical bearing block and the specimen. 


Speed of Testing Machine 


18. The speed of the moving head of the testing machine shall not be 
more than 0.05 in. per min. 
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Calculation 

19. The compressive strength of a specimen shall be the maximum 
applied load in pounds divided by the gross cross-sectional area of the 
unit in square inches. The gross area of a unit is the total area of a sec- 
tion perpendicular to the direction of the load, including areas within cells 
and within re-entrant spaces unless these spaces are to be occupied in the 
masonry by portions of the adjacent masonry. 


3 Test Specimens 
20. Five full-size units, selected in accordance with Sections 10 to 
13, shall be tested. ? 
Marking Test Specimens 
21. Each test specimen shall be marked so that it may be identified 
at any time. Markings shall not cover more than 5 per cent of the total 
superficial area of the specimen. — 
be 22. Preparatory to the moisture content tests, all specimens shall be 
dried in a drier or oven at a temperature between 100 and 115 C. (212 and 
by 240 F.) and weighed at intervals until the loss in weight does not exceed 
ter | per cent in a 24-hr. period. 
ha Accuracy of Weighings 
ed 23. The balance used shall be accurate to within 0.5 per cent of the 
“ weight of the specimen. 
| Saturation of Specimens 
has 24. The dry specimens shall be completely immersed in water at 
ing 4 temperature between 15.6 and 26.7 C. (60 and 80 F.) for 24 hr. They 
~ shall be removed from the water and allowed to drain for 1 min. by placing 
i a j-in. or coarser wire mesh, visible surface water being removed with 
hr. idamp cloth. The specimens shall then be immediately weighed. 
Calculation 
25. The moisture content of the units at time of sampling (in per 
™ cent of the total absorption) is the difference between the average weight 
ie vhen sampled (Section 12) and the average dry weight (Section 22) 
~~ vided by the difference between the average wet weight (Section 24) 
i nd the average dry weight and multiplied by 100, as follows: 


Percentage of moisture -( 


4 


Wet weight — Dry weight 
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TENTATIVE SPECIFICATIONS with 
FOR 
PIRE-RETARDANT PROPERTIES OF WOOD FOR 
SCAFFOLDING AND SHORING! 
A.S.T.M. Designation: C 132 —- 37 T 
‘This 1s a Tentative Standard and under the Regulations of the Society is subje tt 
annual revision. Suggestions for revision should be addressed to the Headquarters of th 
"Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED, 1937. 
Scope 
Pp 


1. These specifications apply to the properties of wood scaffolding 
_and shoring processed with fire-retardant chemicals so as to protect the 
_ wood from the usual fire hazards incident to construction operations. 


Processing 


2. The processing shall not affect the strength of the wood or other. 
wise render it unsuitable for the purposes for which it is intended as de- 
termined by the authorities having jurisdiction. 

Fire-Retardant Properties 


3. The processed wood, when subjected to the timber test described 
in Sections 8 and 9, shall meet the following requirements as to fite 
retardant properties: 

(a) Duration of Flame. “The average continuation of flaming (Note ! 
shall not exceed 30 sec. 

(b) Duration of Glow. —The average continuation of glow (Note 2 
shall not exceed an additional 30 sec. after the cessation of flaming. 

(c) Loss in Weight.‘The average loss in weight (Note 3) shall not 
exceed 30 per cent. 

Note 1: Duration of Flame-—The continuation of flaming by the material after 


_ removal from the igniting flame indicates the degree of combustibility, the ignition re 
sistance and the tendency of the material to spread fire. 


Note 2: Duration of Glow.—The tendency of the material to glow after flaming 
ceases is indicative of the presence of combustible material and the possibility of fire 
through smoldering. 


Note 3: Loss in Weight.—The loss in weight is a measure of the combustion loss 


and indicates the loss in strength or structural qualities and the contribution of fuel t 
the fire. 


' Under the standardization procedure of the Society, these specifications are under the jurisdiction 
: < th: A.S.T.M. Committee C-5 on Fire Tests of Materials and Construction. 


(756) 


an 
J 
Cons 
| 
sent 
The 
ture 
witl 
ture 
be « 
ulti 
wel 
det 
dry 
| to ¢ 
will 
Wot 
wel 
req 


> 


SPECIFICATIONS FOR FIRE-RETARDANCE OF Woop (C 132-37 T) 757 


4. (a) The wood shall be branded with the name of the manufacturer 
and the year and month of processing. 

(b) The material shall be retested at intervals of one year and if it 
passes the tests prescribed in these specifications it shall be rebranded 
with the latest date of test. _ 


5. Samples for test shall be selected by and tested under the super- _ 
vision of the authority having jurisdiction. A minimum of two samples 
shall be selected from each lot or two samples for each 5000 board feet, = 
fraction thereof, where the quantity exceeds this amount. 


Test Specimens 

6. Specimens for the timber test shall be } in. in thickness, 1} in. in 
width and 10 in. in length. Each specimen shall be taken from the edge 
of and not nearer than 2 ft. from the end of each sample selected for test 
and shall be carefully cut from the narrow face of the sample. 


Conditioning of Test Specimens 


7. (a) Test specimens shall be dried at a temperature of 150 F. (66 C.) 
to a moisture content of 7 per cent +1 per cent, as determined on a repre- 
sentative moisture specimen tested in accordance with Paragraph (0). 
The representative moisture specimen for the purpose of determining mois- 
ture content shall consist of a full-size specimen selected in accordance 
with Section 6. 

(b) All loose splinters shall be removed immediately from each mois- 
ture specimen and the weight determined. ‘The moisture specimens shall 
be open piled in a ventilated oven and dried at a temperature which shall 
ultimately be increased to 208 F. +6 F. (98 C. +3 C.) until constant 
weight is obtained, after which the resulting weight shall be carefully 
determined and recorded as the oven-dry weight. For specimens not 
over 1 in. in length (in the direction of grain) about 48-hr. continuous 
drying under the conditions specified is sufficient to bring the specimens 
to constant weight. For drying longer specimens, considerably more time 
will be required, since the rate of drying from the side grain surface of 
wood is only about one-sixth that from the end surface. 

(c) The loss in weight expressed as a percentage of the oven-dry 
weight as determined in Paragraph (b) shall be considered the moisture 
content of the specimen. 


Apparatus for Timber Test 


8. (a) Gas Crucible Furnace.—A 6-in. gas crucible furnace will be 
required. A furnace that has been found satisfactory is shown in Fig. 1. 
The furnace proper consists of a bottom refractory cylinder with burner 
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tips projecting into it and an upper refractory cylinder 6 in. in height and 
6 in. in inside diameter which rests upon the bottom cylinder, The 
burner is held in position under the table and three burner tips project 
through slots tightly fitted with fire clay so as to make a tight joint be- 
tween the tips and the lining. ‘The tips direct the flame so as not to strike 
the crucible but to rotate around it. 

(b) Fumehood.—The fumehood in which the test is conducted shall be 
equipped with a device for controlling the ventilation. The velocity of 
the ventilating air shall not exceed 20 lineal feet per minute at the center 
of the hood. 


/Cast Refractory or 
le, Asbestos Composition 
4, 


Table Top 


--Upper Refractory Cylinder 


Metal Jacket 
3 Flame Ring Burner 


----Lower Refractory 
Cylinder 


|_| 


Fic. 1.—Gas Crucible Furnace. 


(¢) Miscellaneous A pparatus——The balance used in the measurement 
of weight shall be accurate within 0.1 g. Temperature measurements 
should be obtained by means of a potentiometer or other approved means 
of securing temperature readings. = 


Timber Test 

9. Two weighed test specimens shall be placed side by side across the 
top of a 6-in. gas crucible furnace with the uncut faces down and their 
narrow uncut edges together. The specimens shall be flanked by fire 
brick on each side and at one end. In this position they shall be exposed 
for 2 min. to a furnace temperature of 1700 F. +25 F. (925 C. +14 C.) 
as measured by an 8-gage thermocouple terminating at the center of the 
furnace opening, 1 in. below the line of contact of the test specimens. 
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The specimens shall then be removed from the furnace and placed upon a 
fire brick alongside the furnace in the fumehood with the burned faces up 
and the time during which flaming and glow continues on each specimen 
shall be recorded. ‘The test specimens shall then be reweighed and the 
percentage loss in weight of each specimen shall be calculated. The re- 
sults of the tests for duration of-flame, duration of glow, and loss in weight 
of the two test specimens shall each be averaged and recorded. 


Inspection and Rejection 

10. (a) Tests shall be made on samples taken at the processing plant 
before shipment of the processed material. 

(b) Check tests shall be permissible on samples taken at the place of 
use. 

(c) Material failing to meet the requirements of these specifications 
shall be rejected, and shall be kept from or removed from the place of use. 
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TENTATIVE METHODS OF CHEMICAL ANALYSIS a 
OF | 

REFRACTORY MATERIALS! | 

A.S.T.M. Designation: C 18-37 T 

This is a Tentative Standard and under the Regulations of the Society is subject t 


annual revision. Suggestions for revision should be addressed to the Headquarters of t 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED AS TENTATIVE, 1917; ADOPTED IN AMENDED Fors, 1920; REviseEp, 1921, 1935: 
REVISED AND REISSUED AS TENTATIVE, 1937. 


Scope refere 
1. (a) These methods describe procedures for the chemical analysis of Fe.0: 
| fireclay, silica, and high-alumina refractories; chrome ores and chrome = 
brick, and magnesite refractories. 7 “yin 
| (b) The analytical procedures appear in the following order: _ oie 
Fireclay Refractories: SECTION | solut 
Iron, Aluminum, and Titanium Oxides.......................... 10 Pp 
Silica Refractories: 
High-Alumina Refractories: ‘ pro 
} Separation of Al,O; and P.O; from Fe,03, TiO2, CaO, and veut ). 32 50) 
1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the Par 


A.S.T.M. Committee C-8 on Refractories. 
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Chrome Ores and Chrome Brick: SECTION 
A. Procedure for Complete Analysis 40 
42 

Magnesite Refractories: 
PREFACE 


The following methods have been compiled as standard procedures for use in 
referee analyses. ‘These methods, however, where the determination of iron oxide as 
Fe,0; is involved, are not intended to preclude the use of other methods that give 
results within the permissible tolerances. For the sake of uniformity the classical 
Zimmerman-Reinhart procedure is specified for the determination of iron oxide. It 
is recognized that numerous other procedures are equally accurate and often more 
convenient. ‘The other procedures commonly in use include reduction of an oxidized 
solution with zinc, or other metal, and titration with standard KMnO,, or titration 
with a standard solution of titanous chloride in an oxidized solution. These procedures 
shall be considered acceptable provided the analyst has obtained results by his special 
procedure which check with the Zimmerman-Reinhart procedure within the limits 
specified in Section 4. It is suggested that the National Bureau of Standards’ standard 
samples be used for checking the accuracy of procedures. 

It will be understood that the making of a complete analysis of a refractory 
material is a difficult procedure requiring a wide knowledge of the chemistry involved 
in the operations, and a thorough training in carrying out the work. A skilled analys 

good training is therefore required to do the work. The descriptions here given 

er the vital points of procedure, but frequent reference in regard to the details of 
the various manipulations should be made to “Applied Inorganic Analysis” by 
Hillebrand and Lundell, and to similar publications. Particularly in the determina- 
tion of alumina, reference should be made to Scientific Paper No. 286 of the National 
Bureau of Standards.? 


Preparation of Samples for Analysis 

2. The sample, carefully secured after the manner of one of the ap- 
proved methods of sampling, shall be crushed in a small jaw or roll-type 
crusher with hardened tool-steel faces to pass a No. 8 sieve.2 The sample 
shall then be crushed to pass a No. 20 sieve, mixed and quartered to about 
0g. This 50-g. sample shall then be ground so that it will all pass a 
No. 100 sieve,* unless otherwise specified, mixed thoroughly and placed in 
container which will insure freedom from contamination. Fine grinding 
ri oon Hillebrand and G. E. F. Lundell, “Applied Inorganic Analysis," Wiley and Son, New York 

* W. Blum, “ Determination of Alumina as Oxide," National Bureau of Standards Scientific Paper No. 286. 


v3 M “allot specifications for these sieves, see the Standard Specifications for Sieves for Testing Purposes 
eat p. =_ E 11) of the American Society for Testing Materials, 1936 Book of A.S.T.M. Standards, 
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shall he done in an agate mortar, either by hand or by a mechanical samp 
grinder of the McKenna, Casting. Fisher or similar type, so constructed 


amm 
as to prevent the introduction of impurity. | They 
3. Moisture shall be determined on the sample in its ordinary ai air ei 
dried condition, and all other percentage compositions shall be calculated — 
to a moisture-free basis. Whenever a sample is weighed out for any de. ye 
termination other than hygroscopic moisture, it shall be moisture-free. a 
If preferred, the sample may be dried in a weighing bottle from which the - 
required samples shall be weighed out. al 
Checking Results 
4. In all cases, check determinations shall be made, and the results 
shall be redetermined if satisfactory checks are not obtained. It shall be 
considered satisfactory if the differences between check determinations 
do not exceed the following limits: 
VARIATIONS 
BETWEEN CHECK 
DETERMINATIONS, 
MAX., PER CENT 7 
_ For silica or other constituent amounting to 30 per cent or over...... 0.3 in | 
_ For alumina or other constituent amounting to 10 to 30 per cent*..... 0.2 
For any other constituent amounting to under 10 per cent*........... 0.1 \) 
* These figures are stated in terms of the whole sample as 100 per cent. ‘ 
Blank 3.2. 
5. Blank determinations on the reagents shall be made for each con- Bu 
stituent in the refractory and this blank deducted in each case. For the 
determination of the silica blank, approximately 0.25 g. of Al,O; should 2.5 


be added as pure aluminum chloride. 


we 
Reagents and Special Solutions Required 
6. The lists in Paragraphs (a) to (n) include those reagents and special 

solutions common to two or more of the analytical procedures. Special Ti 
reagents and solutions required will be found listed with the particular ne 
method in which they are prescribed. " 
(a) Concentrated Acid and Ammonia Solutions.—-Concentrated c. p. acid - 
_and ammonia solutions of approximately the following specific gravities, ma 
or concentrations, will be required: tr 
Sulfuric acid, 1. 84 sp. gr. b 
Perchloric acid, HCIO, 60 to 70 per cent, c. p.* of 

Ammonium hy droxide, 0.90 sp. er. 


* Lower purity varieties may contain aluminum oxide, AlzOs, as an impurity. 
As supplied by reagent manufacturers. 
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(b) Diluted Acid and Ammonia Solutions—The diluted acid wal 
ammonia solutions referred to are of varying percentages by volume. 
They shall be made up by mixing proportional volumes of the concen- 
trated reagent and water. The diluted sulfuric acid mixtures shall be 
made up by slowly stirring the acid into the water. These diluted solu- 
tions are designated in the methods as (1:4), (1:9), etc., except very diluted 
solutions which are referred to by the percentage of reagent added. ‘The 
designations in parenthesis indicates the ratio of the volume of the concen- 
trated reagent to the volume of water; for example, H.SO, (1:9) solution 
contains 10 per cent by volume of H2SO, (sp. gr. 1.84). The following 
will be required: 


PERCENTAGE BY VOLUME 
Hydrochloric acid 50 


Sulfuric acid 


(c) Ammonium Chloride Solution (2 per cent).—-Dissolve 2 g. of NH,Cl 
in 100 ml. of water. 

(d) Ammonium Oxalate Solution (Saturated)---Dissolve 4 g. of 
NH,)oC.O, in 100 ml. of water. 

(e) Standard Potassium Permanganate Solution (0.1 N).—Dissolve 
3.25 g. of KMnO, in 1000 ml. of water. Standardize against the National 
Bureau of Standards’ standard sample 40c of sodium oxalate. 

(f) Standard Potassium Permanganate Solution (0.04 N).—Dissolve 
2.5 g. of KMnO, in water and make up to 2 liters. Allow to stand for a 
week, filter through an asbestos mat and keep in a dark place. Standardize 
against the National Bureau of Standards’ standard sample 40c of sodium 
oxalate. 

(g) Standard Titania Solution.—Weigh out 0.05 g. of pure calcined 
TiO,. Fuse with 10 g. of K2S,0; in a clean platinum crucible, keeping the 
temperature as low as possible to maintain fluidity. Cool, and dissolve 
in about 300 ml. of a diluted H2SO, solution containing 50 ml. of the con- 
centrated acid. Cool, transfer to a 500-ml. volumetric flask, dilute to the 
mark with water and mix thoroughly. To standardize the solution, take 
two 50-ml. portions in 400-ml. beakers, dilute, boil, and precipitate with 
NHOH. Filter, and wash with hot water. Place the papers in the original 
beakers, add 15 ml. of HCl, stir to macerate the paper, dilute, and pre- 
dipitate again with NH,OH. Filter, and wash with hot water until free 
of alkali salts. Ignite carefully, blast, and weigh. From the weight 
ser calculate the strength of the solution. 

) Stannous Chloride Solution.—Dissolve 50 g. of SnCl, in 100 ml 
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of HCl and dilute to 1000 ml. 
bottle. 

(t) Mercuric Chloride 

(7) Manganese Sulfate Solulion.-Dissolve 70 g. of crystalline MnSO, 
in 500 ml. of water. Add 140 ml. of phosphoric acid, H;PO, (sp. gr. 1.7 
to 130 ml. of H2SO, (sp. gr. 1.84) and dilute to 1000 ml. 

(k) Hydrogen Peroxide Solution (30 per cent). 

(1)Diammonium Phosphate Solution.—-Dissolve 10 g. of (NH;)sHPO, 
in 100 ml. of water. 

(m) Chloroplatinic Acid Solution.—The solution commonly employed 
contains 1 g. of platinum in 10 ml. of solution. 

(n) Ethyl Alcohol Solution (80 per cent).—Prepare a solution contain- 
ing 80 per cent by volume of ethyl alcohol in water. 


Keep a few pieces of metallic tin in the 


Solution. Prepare a saturated solution of 


FIRECLAY REFRACTORIES 
Moisture 
- Weigh 1.00 g. of the sample and heat at a temperature not under 
105 nor over 110 C., to constant weight. 


Loss on Ignition 

8. Remove hygroscopic moisture by heating the air-dried sample for 
2 hr. at 110 to 120 C. Then weigh 1.000 g. of the dried sample and heat 
to constant weight over a blast lamp, or in an electric furnace at 1000 ( 


Record the loss in weight as the ignition loss. 
Silica 


9. Weigh 0.5000 g. of the dry sample into a platinum crucible 
containing about 5 g. of powdered anhydrous NasCO; and mix well 
with a platinum wire. Cover the mixture with a little more NaCO; 
Heat gradually to the full heat of a good burner (1000 to 1100 C.) main- 
tained for about 1 hr. until complete solution is obtained. Place the 
crucible cover on a triangle and when the melt has partially cooled pour 
it on the lid (Note). When cool, place the crucible and lid in a 150-ml. 
beaker, placing the button on a watch glass above the beaker. Add 30 ml. 
of HCl (1:1). When solution is complete wash off the crucible and lid 
with HCl (1:4), taking care to remove all silica. Place the button in the 
solution. ‘Transfer the contents of the beaker to a porcelain evaporating 
dish and evaporate to dryness on a steam bath. Bake for 1 hr. at 110 ©. 
Add 20 to 30 ml. of HCI (1:1) and 50 ml. of hot water. When all salts 
have been dissolved allow to settle for several minutes and then filter 
through a No. 40 Whatman paper or equivalent. Wash the silica 
three times by decantation using 20 to 30-ml. portions of first hot water, 
then HCl (1:1) and again with hot water. Transfer the precipitate to 
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the filter paper, removing all silica from the dish with a policeman. tell 
the paper and precipitate with hot water until free from salt. To recove 
the small amount of silica remaining in the filtrate, evaporate to dryness, 
using the same procedure for baking and filtering as before. Combine 
the two precipitates, place in a platinum crucible and burn off the paper 
carefully to prevent any loss of silica. Ignite the sample at 1100 to 
1200 C. to constant weight (15 to 20 min. is usually sufficient), cool 
in a desiccator, and weigh. Moisten the residue with several milliliters 
of water, add 10 ml. of HF and 3 or 4 drops of H,SO,. Evaporate the 
solution to dryness, ignite carefully to prevent decrepitation and blast for 
several minutes at 1100 C. Cool the crucible in a desiccator, weigh, and 
repeat blasting to constant weight. The loss in weight from the original 
silica residue represents the silica content, except for that part of the 
silica which is later recovered from alumina, etc. 

Note.—Another scheme to aid in subsequent solution of the fused melt is to rotate 
the crucible as it cools spreading the mass up the side walls. 


Iron, Aluminum, and Titanium Oxides re 
10. Fuse the residue with 1 g. of fused potassium bisulfate (K2S,0;), 
dissolve in a small amount of water and add to the filtrate from the silica 
determination. Add 5 g. of NH,Cl and 3 drops of methyl red solution 
(0.1 per cent). Heat the solution almost to boiling and add slowly NH,OH 
1:1) until the indicator has changed to a yellow color. Boil for several 
minutes to remove the excess ammonia. Allow to settle for 30 min. and 
decant through a No. 41 Whatman filter paper or equivalent, transferring 
the precipitate to the paper and washing the beaker and paper several 
times with a warm NH,CI solution (2 per cent). Reserve the filtrate for the 
determination of CaO and MgO (Section 14). Return the precipitate to the 
original beaker, add 50 ml. of hot water, and 10 ml. of HCl (sp. gr. 1.19). 
Stir until the precipitate is dissolved and the paper is well macerated. Dilute 
to about 200 ml. with hot water; precipitate and filter as before. Wash 
the paper and precipitate with a warm NH,CI solution (2 per cent). Place 
the precipitate in a weighed platinum crucible, and ignite. Continue the 
ignition at 1200 C. to constant weight (15 to 20 min. is usually sufficient). 
Cool in a desiccator, and weigh with the crucible covered with the lid. The 
RO; consists of the Al,O;, TiO, and FeO; present in the sample. In 
addition there may be small amounts of ZrO2, V2O;, and Cr.Os. 


Iron Oxide 


ll. (a) Method A. Fe,O; Determined on RO; Sample.—Heat the 
R,0; precipitate (Note) obtained in the determination of iron, aluminum 
and titanium oxides (Section 10) with fused K2S,0;7 (moisture free) until 
lution is complete. Dissolve the fusion in 50 ml. of H.SO, (1:9) and 
‘vaporate to fumes. Cool, dilute with water and filter off the silica, wash- 
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ing with hot water. Reserve the filtrate for the determination of Fe,0, 
and TiO:. Ignite the silica in a platinum crucible and weigh. Treat the 
precipitate with 5 ml. of HF and 2 or 3 drops of H:SO,. Evaporate to 
dryness, ignite, and weigh. ‘The loss in weight represents extra silica 
which should be added to that determined previously and also deducted 
from the weight of the R.O; precipitate. Evaporate the filtrate obtained 
in correcting the RO; precipitate for silica to about 75 ml. Cool, and 
dilute to 100 ml. in a volumetric flask. Reserve 25 ml. for the determina- 
tion of TiO, (Section 12). To the remainder, add 25 ml. of HCl (1:1 
and heat to boiling. Reduce the iron by adding SnCl, solution, drop- 
by-drop from a pipette with constant swirling of the beaker, until the 
solution is colorless. ‘Then add one drop in excess. Cool quickly in ru- 
ning water, then add at one stroke 15 ml. of saturated HgCl, solution. 
Allow to stand for 3 min., transfer with washing to a 1000-ml. beaker 
containing 300 ml. of cold distilled water, and 25 ml. of MnSO, solution. 
Titrate with standard 0.04 N KMn0O, solution added very slowly while 
stirring until a permanent pink endpoint is obtained. 


Note.—Instead of fusing directly in the platinum crucible in which the R,0, was 
ignited, the precipitate may be brushed into a porcelain crucible and then fused wit 
K2S,0;._ This avoids loss of platinum by the action of the bisulfate, and no platinum i 
present in the filtrate to interfere with the iron determination. 

(b) Method B. FeO; Determined on a Separate Sample.—Weigh 1.00 g 
of the finely ground, dried sample into a platinum crucible, add 10 drops 
perchloric acid, HClO,, and 20 ml. of HF and heat almost to dryness on 
a hot plate. Add 5 to 10 ml. of HCIO, and heat until residue has dissolved 
(Note). Cool, place crucible in a 400-ml. beaker and add 100 ml. of water 
and heat to boiling. Any residue present, other than silica, should be 
filtered off and fused with K2S,0; in a porcelain crucible and added to the 
main solution. 


Note.—Decomposition of raw fireclays and some fired refractories can be effected 
equally as well by substituting an equal volume of H2SO, (1:1) for the HCIO,. In this 
case, take to fumes once, cool, dilute, filter, and fuse any residue remaining undissolved. 

(c) Determine iron using one of the approved methods referred to in 
the Preface. 


Titania 

12. Determine TiO, colorimetrically in the 25-ml. portion reserved for 
this purpose (Section 11) by oxidizing both the sample and the standard 
titania solution with several drops of a HO, solution (30 per cent). Com- 
pare the colors either in Nessler tubes or in a suitable colorimeter. Use 
a H2SO, solution (5 per cent) for diluting purposes in matching the colors. 
Alumina 

13. Subtract the calculated weight of Fe,O; (Section 11 (a) or (b)), 
TiO, (Section 12), and SiO, (Section 9) from the weight of R2Os (Section 10) 
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and the remainder is the weight of Al,Os plus small amounts of the oxides 
which may include those previously mentioned in Section 9. These are 
generally considered as Al,O; in reporting the analysis of fireclay refractories. 


Lime 

14. Evaporate the filtrate reserved (Section 10) for the determination 
of CaO and MgO to about 200 ml., add 10 to 15 ml. of a saturated am- 
monium oxalate (NH,)sC.0, solution, and 2 to 3 ml. of NH,OH. Heat 
for 1 to 2 hr., by which time the volume should be about 75 to 100 ml. 
Allow the precipitated calcium oxalate to settle. Decant through a dense 
paper (Whatman No. 40 or equivalent), taking care to retain the precipitate 
in the beaker, wash several times with warm water by decantation, and 
then wash the paper until free from salts. Reserve the filtrate for the 
MgO determination (Section 15). Return the paper to the beaker con- 
taining the precipitate, add 100 ml. of a H,SO, solution (5 per cent), warm 
and titrate to a faint pink end point with standard 0.04 NV KMnQ, solution. 
A blank should be previously determined for the effect of the paper. 

Note.—For greater accuracy a double precipitation should be made, in which case, 
after precipitating the calcium oxalate as described above, decant the liquid and wash the 
beaker and paper several times with warm water. Dissolve the precipitate on the paper 
with warm HCl (1:4), allowing it to run into the beaker containing the major portion of the 
calcium oxalate. Wash the paper with hot water. To the solution (about 75 to 100 ml. 
in volume) add several milliliters of saturated (NH,4)2C2O, solution and ammonia in slight 
excess. Heat for 2 hr., filter, wash, and titrate as described above. 
Magnesia 

15. Evaporate the filtrate from the CaO determination (Section 14) 
to about 150 to 200 ml. and add 2 to 3 g. of diammonium phosphate 
(NH,)2HPO,, stir until dissolved and then add NH,OH until alkaline and 
then 20 ml. in excess. Allow the solution to stand overnight. Filter, 
wash with NH,OH solution (5 per cent). Dissolve the precipitate on the 
paper with hot HCl (1:4), allowing it to run into the beaker containing 
the precipitate. Wash the paper with hot water. To the solution, which 
should be not more than 100 ml. in volume, add 0.1 to 0.2 g. of (NH4)sHPO,. 
Make ammoniacal and then add a slight excess with constant stirring until 
the precipitate is well formed, then add 10 ml. more of NH,OH and allow 
to stand overnight or at least for 4 hr. Filter through a No. 40 Whatman 
paper or equivalent. ‘Transfer the precipitate to the paper and wash well 
with a NH,OH solution (5 per cent). Place the paper in a weighed plat- 
inum crucible and burn off the paper at a low temperature (below 900 C.), 
and ignite to constant weight at 1050 to 1100 C. (15 to 30 min. is sufficient). 


Alkalies: 


16. (2) Weigh out 1.00 g. of the sample (ground to an impalpable 
powder) and 3.0 g. of NH,Cl into an agate mortar and mix = Add 


' This procedure for the determination of alkali is the J. Lawrence Smith method. 
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7 to 8 g. of CaCO; and again mix intimately. Place a }-in. layer of CaCo, 
in the bottom of a platinum crucible, and then add the above mixture 
tapping the crucible occasionally to obtain a dense mass. Place a }-ip 
layer of CaCO; on the top. Heat the crucible over a low flame unt 
ammonia fumes are no longer given off, then increase the heat so that tt 
bottom half of the crucible is a dull red, and maintain this temperatur 
for about 1 hr. Cool, fill the crucible three-fourths full of water and heat 
until the contents can be taken out and crushed in an agate mortar 
Transfer to a platinum or porcelain dish by means of a jet of water 
Evaporate to a low volume, decant through a No. 40 Whatman paper, or 
equivalent, and wash the material in the dish several times by decantation 
with warm water. ‘Transfer to the paper and wash several times with hot 
water. Acidify with several milliliters of HCl and evaporate to a volum 
of 150 to 200 ml. Add several milliliters of NH,OH and sufficient 
(NH,)2CO; to precipitate the lime, keeping the dish covered with a watch 
glass. Warm until the precipitate settles out. Filter and wash with warm 
water When the solution has reached a low volume, add a small lump of 
(NH,)2COs to determine if practically all calcium has been precipitated 
If no precipitate forms, evaporate to dryness, otherwise precipitate and 
filter as before. Drive off the ammonium salts by heating just short of a 
dull red. Dissolve the residue in water and add a few milliliters of a 
saturated solution of (NH,)eCO, and 1 to 2 ml. of NH,OH to precipitate 
the last trace of calcium. Heat for 30 to 45 min., filter and wash with 
water containing (NH,)2C2O, (0.1 per cent). Catch the filtrate in a weighed 
platinum dish. Add several drops of HCl and evaporate to dryness. 
Ignite gently as before and weigh as NaCl and KCI. 

(b) The separation of the potassium and sodium must be carried out 
in an atmosphere free from ammonia fumes. Add to the solution of the 
combined chlorides in a small porcelain dish, sufficient chloroplatinic acid 
solution to react with all of the sodium and potassium. ‘The necessary 
amount to use is readily calculated from the known strength of the platinum 
solution and the weight of mixed chlorides counted as sodium chloride. The 
dilution of the resulting solution should be such that when heated on the 
steam bath any precipitate that may have formed entirely dissolves. This 
is to prevent inclusion of mother liquor in a mass of crystals suddenly 
formed. Evaporate until the solution is just syrupy enough to solidify 
on cooling. Do not evaporate to dryness, as this will dehydrate the sodium 
salt and render it less soluble in alcohol. Drench the residue with a solu- 
tion of alcohol (80 per cent), filter by decantation through a small paper, 
wash by decantation with more of the alcohol, crushing the crystals with a 
small pestle or widened and rounded end of a short glass rod. Reserve 
the filtrate and washings if sodium is to be determined directly. The 
residue should be golden yellow. An orange red color indicates incomplete 
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removal of the sodium salt. It is unnecessary to bring the mass of the 
precipitate upon the filter. Dry dish and paper for a few moments, to 
remove adhering alcohol. Dissolve the precipitate on the filter, with hot 
water, catching the solution in a weighed crucible or small dish of platinum. 
Evaporate to dryness and add the salt that is still in the porcelain dish. 
If the salt is at all lumpy, redissolve it in water and again evaporate to dry- 
ness. Heat for 1 hr. at 130 C. in an air oven (100 C. suffices for very small 
amounts of fine-grained precipitate). It is necessary to cover the receptacle 
at first because the precipitate is prone to decrepitate. When dry, cool, 
and weigh as KgPtCl,. Calculate the oxides, as follows: 


KCl = Weight of K,PtCl, x 0.3068 
K.0 = Weight of K,PtCl, x 0.1941 
NaCl = Total chlorides — KCl 
Na,O = NaCl x 0.5303 
SILICA REFRACTORIES 
Special Solutions and Reagents Required 
17. (a) Sulfuric Acid (25 per cent by volume). a 
(b) Nitric Acid (50 per cent by volume). 
(c) Standard Potassium Permanganate Solution (0.01 N).—Dissolve 
0.325 g. in 1000 ml. of water. Standardize against the National Bureau of 
Standards’ standard sample 40c of sodium oxalate. 


Moisture 


18. Weigh 1.00 g. of the sample and heat at a temperature not under 
105 nor over 110 C., to constant weight. 


Loss on Ignition 
19. Remove hygroscopic moisture by heating the air-dried sample for 
| hr. at 105 to 110 C. Then weigh 2.00 g. of the dried sample and heat to 


constant weight over a blast lamp, or in an electric furnace at 900 to 1000 C. 
Record the loss in weight as the ignition loss. 
Silica 

20. Transfer 1.0000 g. of the moisture-free sample, or the equiv- 
alent of the ignited residue from the loss on ignition determination 
Section 19) to a 30-ml. platinum crucible. Add 10 ml. of HNO; (1:1) and 
)ml.of HF. Cover the crucible, place on a hot plate on an asbestos pad, 
and heat. Heat gently at first, gradually increasing the temperature. The 
inal temperature should be regulated to prevent boiling or spattering. 
Heating in this manner for 1 hr. is sufficient to decompose the sample Rinse 
the underside of the crucible lid with a few drops of water, allowing it to run 
into the crucible. Evaporate the crucible contents to dryness. Cool, add 
10 ml. of HNO; (1:1) and again evaporate to dryness. Introduce the acid 
slowly by pouring down the sides of the crucible. Evaporate three times 
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with the HNO; to insure complete volatilization of the fluorides. Ignite 
gently at first and then finally to constant weight at about 1200 C. Cool 
in a desiccator, and weigh. The loss in weight minus the loss on ignition 
(Section 19) represents all but a possible trace of the SiO, in the sample 


Iron and Aluminum Oxides 


21. Fuse the residue in the crucible from the silica determination 
(Section 20) by heating gently with about 2 g. of potassium pyrosulfate, 
K,S,07, or sodium pyrosulfate, NaS,0;, cool, dissolve in water and acidify 
with 3 to 4 ml. of HCl. Dilute to 150 to 200 ml., add 5 g. of NH,C1 as well 
as 3 drops of methyl red solution (0.1 per cent). Heat to boiling, add 
NH,OH (1:1) slowly, finally drop-by-drop, until the solution is just alkaline 
to the indicator. Boil for 1 to 2 min. and filter through a 9-cm. rapid 
filter. Do not wash. Reserve the filtrate. ‘Transfer the paper and pre- 
cipitate to the beaker in which the precipitation was made, add 50 ml. of 
HCl (1:4) and digest covered on the hot plate, shaking frequently until 
the precipitate is dissolved and the paper well macerated. Dilute, add 
methyl red, reprecipitate with NH,OH (1:1), boil, and filter, exactly as 
before. Add this second filtrate to the first filtrate for the subsequent 
determination of lime (Section 25). Swab the beaker and rod and wash 
the paper and precipitate with NH,Cl solution (2 per cent). Dry, then 
ignite the paper and precipitate in a tared platinum crucible of 30-nl. 
capacity at 1000 to 1100 C. to constant weight with access to air. Cool 
in a desiccator, and weigh as R2O; which is mainly the iron and aluminum 
oxides. ‘To recover the trace of silica, which may have remained with the 
R,O; group, add 2 drops of H2SO, (1:4) and 1 ml. of HF to the crucible 
and evaporate to dryness. Cover crucible and ignite at about 1100 C. to 
constant weight. Cool and weigh. The loss in weight represents additional 
silica which should be added to that determined in Section 20. 


Iron Oxide 


22. Transfer 1.00 g. of the dried sample to a 30-ml. platinum cru- 
cible and moisten with a few drops of water. Add 3 ml. of HNOs, and 
about 15 ml. of HF. Evaporate at a moderate heat to dryness, taking care 
not to allow any loss by spattering. Decompose the nitrates and fluorides 
by ignition at about 1000 C. for 15 min. Now add to the residue in the 
crucible a small piece of K2SO;, or NazS.0;, and fuse. Dissolve the fusion in 
25 ml. of HCI (1:1) and heat to boiling. Reduce the iron by adding SnCh 
solution, drop by drop from a pipette with constant swirling of the beaker, 
until the solution is colorless, then add 1 drop in excess. Cool quickly in 
running water, then add at one stroke 15 ml. of saturated HgCl, solution. 
Allow to stand for 3 min., transfer with washing to a 1000-ml. beaker con- 
taining 300 ml. of cold distilled water and 25 ml. of MnSQ,solution. Titrate 
with standard 0.01 N KMnO, solution, added very slowly while stirring, 
until a permanent pink end point is obtained. 
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Titania 

23. Fuse the ignited R,O; residue after recovery of SiO, (Section 21) 
with a very small piece of K2S.07 or NaS,07. Cool and dissolve the fusion 
by the addition of about 25 ml. of warm water and 1 to 2 drops of H2SO, 
(1:1) to the crucible. It is important at this point to keep the solution to 
a small volume. Transfer to a 50-ml. volumetric flask, add a few drops of 
H,0, and dilute to the mark. Place the 50 ml. of solution in a small Nessler 
tube. Compare the color of this solution with the color of a known standard 
solution. A satisfactory solution is one of such strength that 1 ml. equals 
0.0001 g. of TiOz. To make the comparison use any standard colorimeter, 
or place an appropriate amount of standard solution in a second Nessler 
tube and dilute with water from a burette until the color is matched. From 
the amount of water added, calculate the percentage of TiO, in the sample. 
Alumina 

24. Subtract the calculated weight of Fe,O3 (Section 22), the weight of 
SiO, recovered (Section 21), and the calculated weight of TiO (Section 23) 
from the weight of ReO2 (Section 21) and the remainder is the weight of the 
Al,0;, plus small amounts of oxides of any other elements that were 
precipitated. 


Note.—These may include P20, and ZrO:, but they are present in such small amounts 
as to be disregarded in the complete analysis of silica refractories. 


Lime 

25. Acidify the combined filtrate from the R.O; precipitation with 
several milliliters of HCl (1:1) (Section 21) and evaporate to a volume 
of about 250 ml. Heat to incipient boiling, add 25 ml. of a saturated 
(NH,)2C,04, solution and NH,OH until slightly alkaline. Stir thoroughly 
and allow the precipitate to settle out, keeping the solution warm for 3 to 4 hr. 
but not boiling. Filter and wash five times with cold water. Save the 
filtrate. Dissolve the washed oxalate precipitate with 50 ml. of diluted 
HCl (1:1), dilute to about 150 ml. and precipitate as before. Wash the 
beaker, precipitate, and paper with cold water until (NH,)2C20, is removed. 
Avoid excessive washing. Combine the filtrates for the magnesia deter- 
mination (Section 26). To the beaker used for the precipitation, add 150 ml. 
of a H:SO, solution (5 per cent), then introduce the paper containing the 
precipitate. Heat to almost boiling and titrate with 0.1 VW KMnQ, solution. 
A blank should be previously determined for the effect of the paper, 


Magnesia 


26. To the combined filtrates from the lime determination (Section 25), 
which have been reduced by evaporation to about 300 ml., add 2 to 3 g. of 
(NH,)sHPO,. Stir until dissolved and then add NH,OH slowly until 
alkaline, and then 30 ml. of NH,OH in excess. Allow the solution to stand 
for at least 4 hr., and preferably overnight if the total amount of solution 
exceeds 400 ml. in volume. Filter, wash with diluted NH,OH solution 
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(S percent). Dissolve from the paper with hot HCl (1:1) and reprecipitat 
by adding 0.1 g. of (NH,)eHPO,, diluting, rendering ammoniacal g 
letting stand as before. After filtering and washing as before, char th, 
paper and burn off the carbon below 900 C., and then ignite in an electri 
muffle furnace at about 1100 C. to constant weight. The ignited material 
consists of magnesium pyrophosphate, Mg:P:0;. Calculate the weight of 
MgO by multiplying the Mg.P.0; by 0.3621. 


Alkalies 


27. Determine the alkalies by the procedure described in Section 16 (a 
and (6) for the analysis of fireclay refractories. 


HIGH-ALUMINA REFRACTORIES 


(Includes Bonded Refractories made from Diaspore, Fused Alumina, and th 
Sillimanite Minerals, as well as Electrocast.) 


Special Solutions Required 

28. (a) Potassium Nitrate (1 per cent).-Dissolve 1 g. in 100 
water. 

(b) Molybdate Reagent.--Mix 100 g. of pure molybdic anhydride or 
118 g. of molybdic acid (85 per cent) with 400 ml. of water, add 80 ml. of 
NH,OH, and filter when solution is complete. Prepare a second solution 
containing 400 ml. of HNO; and 600 ml. of water. Agitate the HNO, 
solution by means of a current of air and add the molybdate solution very 
slowly. Continue agitation for 1 hr. Add a small crystal of (NH,)sHPO,, 
let stand over night, filter and keep in a glass-stoppered bottle. 

(c) Standard Sodium Hydroxide Solution.—Dissolve 60 g. of NaOH in 
100 ml. of distilled water in a 150-ml. test tube of resistant glass. Stopper 
tightly with a cork covered with tin foil and let stand until the super- 
natant liquid is clear. By means of a pipette take out 5.0 ml. of the clear 
solution and dilute to 1 liter with freshly boiled water. 

(d) Standard Nitric Acid Solution—Dilute 5.0 ml. of HNOs (sp. gr. 
1.42) to 1 liter with freshly boiled water. 

Norte.—Adjust these solutions until they exactly agree and standardize against 
National Bureau of Standards’ standard sample No. 78 of known phosphorous content. 
Moisture 


ml. of 


29. Weigh 1.00 g. of the sample and heat at a temperature not under 
105 nor over 110 C., to constant weight. 7 a 


Loss on Ignition 


30. Remove hygroscopic moisture by heating the air-dried sample for 
2 hr. at 110 to 120 C. Then weigh 1.000 g. of the dried sample and 
heat to constant weight over a blast lamp, or in an electric furnace at 
1000 C. Record the loss in weight as the ignition loss. 
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Silica 

31. (a) Weigh 1.0000 g. of the sample into a platinum crucible which 
is free from any iron stain. Add 0.40 g. of anhydrous borax, NaeB,O;, 
and 2.00 g. of NaeCOs. Mix well and fuse first at a low red heat, gradually 
increasing to the full temperature of a blast burner. Blast 15min. Dissolve 
the melt in diluted HCl (1:4) in a porcelain evaporating dish, add 2 to 3 ml. 
of diluted H.SO, (1:1) (Note 1) and evaporate to dryness. Wash down 
the sides of the dish with 25 ml. of methyl alcohol (Note 2) saturated with 
HCl gas. Evaporate, add methyl alcohol solution and evaporate again. 
Bake to dehydrate the silica. Cool, add 15 ml. of HCl and 50 ml. of water, 
boil 1 to 2 min. and filter on a No. 40 Whatman or similar filter paper. 
Wash four to five times with hot diluted HCl (1:4) solution, then seven to 
eight times with hot water. Reserve the paper containing the silica pre- 
cipitate. Transfer the filtrate to the original dish and evaporate to dryness 
and bake. Add 15 ml. of HCl and 50 ml. of water, bring just to a boil, filter 
on a No. 42 Whatman or similar filter paper and wash as before. Reserve 
the filtrate. 


Note 1.—Diluted H2SO, is used to prevent TiO, from hydrolizing and precipitating 
with the silica. 

Note 2.—Methy] alcohol is used to eliminate traces of boron. 

(6) Place the two filter papers containing the SiO, precipitate in a 
platinum crucible, ignite carefully until the paper is burned off, then heat 
at 1100 to 1200 C. for 10 to 15 min. Cool, weigh and repeat heating at 
1100 to 1200 C. until constant weight is obtained. Moisten the ignited 
precipitate with water, add HF slowly until the crucible is half-full, then 
add 5 drops of H:SO,; and evaporate to fumes. Cool, add 2 to 3 ml. of 
HF and 2 drops of H,SO, and evaporate to dryness. Heat the crucible to 
bright redness and blast at 1100 to 1200 C. for 5 min. Cool, weigh, and 
repeat blasting until constant weight is obtained. The loss in weight 
represents the SiO. content except for the small amount which is later 


recovered from the alumina precipitate. 
Separation of Al.O; and P.O, from Fe,O,, TiO., CaO, and MgO 
32. Fuse the residue from the HF evaporation (Section 31 (6)) with a 
little KyS,0;, dissolve the melt in a diluted HCI solution (1:4) and add to 
the filtrate from the silica precipitate which was reserved. Reduce the 
volume to about 75 ml. and nearly neutralize with NaOH solution (10 per 
cent). Slowly and with constant swirling pour into a 250-ml. volumetric 
flask containing 100 ml. of a NaOH solution (10 per cent), to which has 
been added 1 g. each of Na2CO; and Na,O, (Notes 1 and 2). Warm ona 
water bath for 1 hr. and cool to room temperature. Dilute with water 
to the mark, mix well, and let stand a few minutes. Filter off the precipi- 


tate on a filter paper which has been previously washed with a NaOH 
solution (10 per cent) and dried, catching the filtrate in a dry beaker. Do 
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not wash the precipitate. From the filtrate take a 100-ml. aliquot for 
the determination of Al,O; (Section 36) and another 100-ml. aliquot for 
the determination of P.O; (Section 35). 

Note 1.—The NazCO; is used to precipitate calcium and magnesium along with iron 
and titanium. 


Norte 2.—The Na,0O; is used to oxidize any chromium present so that it may later be 
separated from the Al,03. 


Iron Oxide 


33. Dissolve the precipitate on the filter paper and that adhering to 
the flask with a hot diluted HCl solution (1:4). Adjust the volume to 
about 100 ml., add 5 g. of NH,Cl and heat to boiling. Add NH,OH while 
stirring slowly until there is a slight excess. Again heat to boiling, filter 
hot, and wash five times with a hot NH,Cl solution (2 per cent). Place 
the paper containing the precipitate in the original beaker, add 15 ml. of 
HCl, stir to macerate the paper, dilute with hot water to 100-ml. volume, 
and precipitate with NH,OH. Filter, and wash as before. Combine the 
two filtrates and reserve for the determination of CaO and MgO. Dis- 
solve the precipitate in hot diluted HCI (1:4) and cool. Pour into a 100-ml. 
volumetric flask, dilute with water to the mark and mix. Draw off exactly 
5.0 ml. of the solution and reserve for the determination of TiO, (Section 34 
Pour the remaining solution into a 250-ml. beaker and evaporate to dry- 
ness. Add 25 ml. of HCl (1:1) and heat to boiling. From this point 
proceed in accordance with the procedure described in Section 22 for the 
determination of Fe,O, in the analysis of silica refractories. 


Titania 

34. Add to the 5.0-ml. portion previously reserved (Section 33), 
10 ml. of H:SO, (1:1) and evaporate to fumes. Dilute with 10 to 20 nl. 
of water and cool. Pour into a 100-ml. volumetric flask, add a few drops 
of H,0, (30 per cent), dilute to the mark and mix. To a 100-ml. volumetric 
flask, add exactly 20.0 ml. of the standard TiO, solution and 10 ml. of 
H,SQ, (1:1) solution. Add a few drops of H2O, solution (30 per cent), 
dilute to the mark and mix. Compare the colors either in Nessler =" 


or in a suitable colorimeter. 


Phosphorous Oxide 


35. Acidify the 100-ml. aliquot portion reserved for this determina- 
tion with}HNO;. Dilute to 200-ml. volume and precipitate the Al0; 
and P20; by adding a slight excess of NH,OH solution. Filter, wash a 
few times with hot water, and dissolve the precipitate in 100 ml. of diluted 
HNO; (1:9). Transfer to a 300-ml. Erlenmeyer flask, heat to boiling and 
add a saturated solution of KMnO, until a pink color persists. Decolorize 
with a few drops of sulfurous acid, add 15 ml. of HNOs, cool, adjust the 
volume to about 125 ml. and add 20 ml. of NH,OH, and 40 ml. of molybdate 
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reagent. Shake for 10 min., let stand for 30 to 40 min., filter and wash 
the flask, paper and precipitate at least ten times with KNO; solution 
(1 per cent). Return the paper and precipitate to the flask. Add an 
excess of standard NaOH solution and 25 ml. of water (both free from 
CO,). Shake until the precipitate is dissolved and dilute to a 100-ml. 
volume. Add 2 to 3 drops of phenolphthalein solution (0.2 per cent), then 
titrate with standard HNO; to the disappearance of the pink color. Sub- 
tract from the original NaOH added, the volume equivalent to the HNO; 
required to discharge the color. The difference gives the milliliters of 
NaOH equivalent to the P,O; present. Calculate the percentage of P2Os. 


Alumina 

36. (a) Dilute the 100-ml. aliquot, previously reserved (Section 32), 
to a 250-ml. volume and add 5 g. of NH;Cl. Heat to boiling, add NH,OH 
very slowly, with constant stirring, until there is a slight excess as shown 
by methyl red. Boil 1 to 2 min., filter hot and wash five to six times with 
hot NH,Cl solution (2 per cent). Place the paper containing the precipitate 
in the original beaker, add 15 ml. of HCI and, with the aid of a glass stirring 
rod, macerate the paper. Add boiling water to make up to a volume of 
about 250 ml. Repeat the precipitation with NH,OH and filter as before. 
Wash thoroughly with hot NH,Cl solution (2 per cent), using at least 
250 ml. of wash solution. 

(b) Place the paper containing the precipitate in a platinum crucible 
vhich has been previously weighed with its cover. Carefully burn off the 
paper, blast at not less than 1200 C. for 10 min., cool, and weigh. Repeat 
blasting and weighing until constant weight is obtained. The increase 
in weight is the Al,O;, and P.O, plus a little SiO. which has escaped pre- 
cipitation. ‘To obtain the percentage of Al,0;, subtract the P,Os5 (Section 
35) and SiO, (Section 36 (c)). 

(c) To determine the SiO., fuse the precipitate with about 5 g. of 
K,S,07. Dissolve the melt in warm water, add about 30 ml. of diluted 
H,SO, (1:1) solution. Evaporate to copious fumes of H,SO, and cool. 
Take up with water, filter off, wash, ignite in a platinum crucible, and 
weigh. Treat the residue with 5 ml. of HF and 2 to 3 drops of HzSO,, 
evaporate to dryness, ignite, and weigh. ‘The loss in weight is SiO,. Add 
to the original silica determination. 

Lime 

37. Determine CaO in the filtrate from the Fe,O; precipitate accord- 
ing to the method described for the determination of lime under analysis 
f fireclay refractories (Section 14). 


Magnesia 


38. Determine MgO by the method described for the determination — 
of magnesia under analysis of fireclay refractories (Section 15). 
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Alkalies 


39. Proceed as in the determination of alkalies under the analysis of 
fireclay refractories (Section 16 (a) and (b)) but with the following 
precautions: 


(a) Fuse the sample at 1200 C. to obtain complete decomposition 
of the material. 


(6) Cool the top of the crucible to prevent any loss of alkalies by 


volatilization. Cooling can be accomplished more easily if a platinun 
crucible of the J. Lawrence Smith, long type is used. = 


CHROME ORES AND CHROME BRICK 


A. Procedure for Complete Analysis 

Preparation of Sample for Analysis 

40. The sample shall be secured after the manner of any of the approved 
methods of sampling. If from ores or chrome-bearing refractories, th 
sample shall be not less than 10 lb., in small nut-size particles when sent 
to the laboratory. If from chrome brick, the sample shall consist of a 
small portion from the interior of from 15 to 25 bricks. This 10-lb. sample 
shall be crushed to pass a No. 20 sieve! and quartered until a sample of 
100 g. is secured, which shall be ground to pass a No. 100 sieve.! From 
this portion, a smaller working sample shall be quartered and ground in 
an agate mortar to a very nearly gritless powder. In the case of hard 
burned brick or hard lump chrome ore the very fine grinding assists ma- 
terially in solution of the sample. 
Methods of Analysis 


41. (a) Dry the fine, ground powder at 110 C. for not less than | hr. 
Cool in desiccator. Fuse 0.5 g. of the thoroughly dried sample in approxi- 
mately 10 g. of fused potassium bisulfate in a platinum crucible. ‘The 
usual cautions of a bisulfate fusion should be observed, that is, the flame 
turned very low so that the bisulfate just melts, increasing the flame so 
that the bisulfate remains in a liquid condition, very gradually increasing 
until the crucible reaches a dull red heat. The object of the slow heating 
is to retain the sulfuric acid, which is the effective part of the flux. The 
most refractory ores should be thoroughly fused in 13 to 2 hr. 
crucible from the burner and allow to cool in the air. ‘The bisulfate melt 
will shrink from the crucible and may be removed easily in one cake. Dis- 
solve the fusion in 200 ml. of hot diluted HCI (1:1), boiling until the solution 
acquires a clear, bright green color. ‘Transfer the solution to a porcelain 
evaporating dish and evaporate to dryness on a water bath. Bake at 
exactly 120 C. until free from hydrochloric acid fumes. Moisten with hot 
diluted HCl (1:1), evaporate on a water bath and bake a second time at 
120 C. Dissolve in 200 ml. of hot diluted HCl] (1:1), and filter out the 


' For detailed specifications for these sieves, see the Standard Specifications for Sieves for Testing Per M. 
(A.S.T.M. Designation: E 11) of the American Society for Testing Materials, 1936 Book of A.s.}- 
Standards, Part IT, p. 1413. ; 
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silica. Ignite and weigh the silica in a platinum crucible. Add two drops 
of concentrated H.SO, and sufficient HF to remove all silica. Evaporate, 
ignite and weigh. The difference gives the amount of silica present in the 
sample. Should there be any appreciable residue left in the crucible it 
should be fused with a small amount of fused KHSO, and added to the 
filtrate from the silica. 


(b) Dilute the filtrate from the silica to about 500 ml. and precipitate 
iron, aluminum, chromium and titanium, if present, with NH,OH, using 
care to have not more than two drops of NH,OH in excess in order to avoid 
slution of chromium and aluminum hydroxide in the alkaline solution. 
Qn account of the relatively large amount of magnesium that is usually 
present in chrome ores and chrome brick it is advisable to dissolve the 
precipitate in hot diluted HCI and precipitate a second time. Filter out 
the combined hydroxides and dissolve them on the filter paper with HNOs, 
catching the solution in a porcelain casserole. Add a few crystals of KCIO; 
and evaporate the nitric solution, adding a crystal of KCIO; from time to 
time until the chromium is completely oxidized, which is indicated by a 
change from a dull green to a brilliant orange color. Dilute this solution 
with hot water and again precipitate with NH,OH, filtering as before. 
The filtrate contains a large percentage of the chromium, while the residue 
on the filter consists of iron and aluminum hydroxides and titanium, if 
present. Repeat the oxidation two or three times until the filtrate from 
the iron and aluminum hydroxide precipitation shows no further traces or 
chromium. Concentrate and combine the filtrates containing chromium 
to approximately 500 ml. Add H.SO; until the liquid changes from a 
bright orange to a brilliant green color and heat to boiling. Add NH,OH 
to precipitate chromium as hydroxide, having not more than two drops in 
excess, as stated above. Filter, wash well with hot water, ignite and 
weigh as Cr,O;. Ignite the iron and aluminum and titanium hydroxides 
in a platinum crucible and weigh. Fuse the combined oxides with a small 
amount of KHSO,, following the same precautions as mentioned above. 
Dissolve the fusion in diluted H,SO;, reduce with H.S and titrate the iron 
with standard permanganate solution. Determine the titanium present 
by the colorimetric method, as described in Section 12. Subtract the 
combined amounts of Fe,O; and TiO, from the total weight of the three 
oxides and thus determine Al,O;. If titanium is absent, reduce the iron 


with metallic zinc and titrate with KMnO,, which is a little quicker method 
than the H.S reduction. 


(c) To the combined filtrates from the precipitations of iron, aluminum, 
chromium, and titanium hydroxides add bromine, allow to stand for a few 
minutes and then add sufficient NH,OH to precipitate the manganese 
hydroxide. Boil to concentrate the manganese hydroxide if any be present. 
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Filter, ignite and weigh as Mn,O,. In the filtrate from the manganese ad¢ 
NH,OH and (NHj,)2C,0;. Heat to boiling and when the calcium oxide 
has settled, filter with the usual precautions. The calcium oxide may be 
determined by the volumetric method. (Refer to the determination oj 
calcium oxide as described in Section 14.) 

(d) Evaporate the filtrate from the calcium oxalate to dryness with 
HNO; to remove the excess of ammonium salts. Dissolve the residue in 
hot water, filter, allow to cool and determine MgO as described in Section 15 

_ (e) Determine alkalies by the method described in Section ui 


B. Rapid Routine Method 


Preparation of Sample for Analysis a 


42. The sample shall be secured after the manner of any of the approved 
methods of sampling. If from ores or chrome bearing refractories the 
sample shall not be less than 10 lb. in small nut-sized particles when sent 
to the laboratory. If from chrome brick, the sample shall consist of a 
small portion from the interior of from 15 to 25 bricks. This 10-lb. sample 
shall be crushed to pass a No. 20 sieve! and quartered, until a 4-oz. sample 
is secured, which shall be ground to pass a No. 100 sieve.'! From this 
portion a smaller working sample shall be quartered and ground in an 
agate mortar to a very nearly gritless powder. In the case of hard burned 
brick or hard lump chrome ore the very fine grinding assists materially in 
solution of the sample. Dry the fine, ground powder at 110 C. for not less 
than 1 hr. Cool in a desiccator. 

43. Fuse 0.5 g. of the sample in 8 to 10 g. of sodium peroxide in a 
nickel or porcelain crucible over a bunsen burner, being careful not to heat 
it too strongly. When fused, leach out with cold water, boil 15 min. to 
decompose any sodium peroxide. Cool and add 100 ml. of diluted H,SO, 
(1:1). Cool to tap-water temperature and titrate with ferrous ammonium 
sulfate and potassium permanganate. 


Silica and Iron Oxide 


44. Fuse 0.5 g. of the sample in a nickel crucible over a bunsen burner. 
Leach out with cold water, make acid with HCl and evaporate to dryness. 
Take up with 200 ml. of water and add 10 ml. of HCl. Filter off silica and 
wash well with hot water and hot diluted HCl. For high silica a second 
evaporation is necessary. The filtrate or combined filtrate is made alkaline 
with sodium hydroxide and about 5 ml. of bromine added. The mass !s 
allowed to digest for 30 min. on a steam bath. ‘This oxidizes the iron and 


s: For detailed specifications for these sieves, see the Standard Specifications for Sieves for Testing Pou. 


A.S.T.M. Designation: E 11) of the American Society for Testing Materials, 1936 Book of A.S.1M- 
tandards, Part II, p. 1413. 
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chromium, precipitates the iron and dissolves the chromium and aluminum. 
After precipitating the iron twice it is filtered off on an asbestos plug and 
washed well with hot water. This precipitate of iron may be dissolved off 
the plug with hot diluted HCl (1:1) and determined by the stannous 
chloride reduction, and permanganate method (Section 11). 

(b) A blank should be run in conjunction with this method and deduc- 
tions made when necessary to determine the purity of the chemicals used. 

» MAGNESITE REFRACTORIES 
Special Solutions Required 

45. The following solutions will be required: 

(a) Hydrochloric Acid (2.5 per cent by volume). 

(b) Nitric Acid (30 per cent by volume). 

(c) Nitric Acid (3 per cent by volume). 

(d) Ethyl Alcohol (Absolute).—Certain commercial brands of denatured 
absolute alcohol are satisfactory as well as being considerably less expensive 
than the c.p. absolute alcohol. 

(e) Potassium Permanganate Solution (Approximately 0.5 N).—-Dis- 
solve 16 g. of KMnQ, in 1000 ml. of water. 

(f) Ammonium Chloride-Hydrochloric Acid Solution.—Dissolve 50 g. 
of NH,Cl in water, add 50 ml. of HCI (sp. gr. 1.19) and dilute to 1000 ml. 

(g) Standard Sodium Arsenite Solution.—Dissolve 0.908 g. of pure 
arsenious oxide, As.Q;, in a small amount of hot Na,CO; solution, cool, 


filter and dilute to 1 liter. Standardize against a steel of known manganese 
content. 


Preparation of Samples for Analysis 

46. A 10-lb. sample carefully secured after the manner of one of the 
approved methods of sampling shall be crushed to pass a No. 8 sieve,! 
mixed thoroughly, and reduced by quartering to about 0.5 Ib. This shall 
be crushed to pass a No. 20 sieve,! mixed and quartered to about 50 g. 
This 50-g. sample shall then be ground in an agate mortar so that it will 
all pass a No. 100 sieve,! mixed thoroughly and placed in an air-tight con- 


tainer until analyzed, since finely ground, dead-burned magnesite gradually 
absorbs and fixes moisture and carbon dioxide. _ _ 


Moisture 


47. Heat 2.0 g. of the sample in a platinum crucible for 1 hr. 
at 105 to 110 C. Record the loss in weight as hygroscopic moisture. 


AS. oS detailed specifications for these sieves, see the Standard Specifications for Sieves for Testing Purposes 


Standards, i) ght 11) of the American Society for Testing Materials, 1936 Book of AS 
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Loss on Ignition | 


48. Using the sample from which the hygroscopic moisture has beep 
removed (Section 47), heat it to constant weight over a blast lamp or it 
an electric furnace at 900 to 1000 C. Record the loss in weight as th 


Silica 


49. Transfer 1.0000 g. of the moisture-free sample, or the equiv- 
alent of the ignited residue from the loss on ignition determination 
(Section 48), to a 210-ml. casserole. Moisten the solids with a few milliliters 
of water, slowly add 20 ml. of HCI, and cover the casserole. While covered, 
digest on the hot plate until solution is complete and all gritty particles hav 
disappeared, breaking up any solid cake from time to time with a stirring 
rod. Uncover, add 8 ml. of perchloric acid, HCIO, (60 to 70 per cent), and 
evaporate to heavy white fumes of HCIO,. Cover and boil so that acid 
refluxes for 10 to 15 min. Remove from the hot plate, cool, wet with a few 
milliliters of water and 5 ml. of HCI, warm for a few minutes on the hot plat 
add 50 ml. of hot water, heat to approximately boiling and filter through a 
9-cm. rapid filter. Wash the paper and precipitate ten times with a hot 
HCI solution (2.5 per cent), then three times with hot water. Return th 
filtrate to the casserole in which the first evaporation was made, add 2 ml. 
of HCIO, and evaporate to fumes on the hot plate, boiling as before. Cool 
take up in acid and water, filter, and wash as before. Reserve the filtrate. 
Place both papers and precipitates in a tared platinum crucible. Dry, 
then burn off papers and ignite to constant weight in the mufile or over a 
moderate blast. Cool in a desiccator and weigh as impure silica. Add 
two drops of diluted H,SO, (1:1) and 1 ml. of HF. to the impure silica in 
the crucible. Digest for 5 to 10 min., covered, on the hot plate, then remove 
the cover and evaporate to dryness. Fume off the H2SO, over a moderate 
heat and ignite or blast for a few minutes. Cool in a desiccator, and weigh 
again. Subtract the weight of the crucible and residue from the weight of 
the crucible and impure silica and the difference is the SiO». Fuse the 
residue in the crucible by heating gently with a small piece of K25,0; or 
Na»S20; about the size of a pea, cool, dissolve in water and add to the 


reserved filtrate from the silica. 
Iron and Aluminum Oxides 
50. Add to the filtrate from the silica determination (Section 49), 
which should be in a 400-ml. beaker, 5 g. of NH,Cl. Dilute from 150 to 
200 ml., add three drops of methyl red solution (0.1 per cent), heat to 
boiling, add NH,OH (1:1) slowly; finally drop bag drop, until the solution 


is just alkaline to the indicator. Boil for 1 or 2 min. and filter through 4 
9-cm. rapid filter. Do not wash. Reserve the filtrate. ‘Transfer the 
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paper and precipitate to the beaker in which the precipitation was made, 
add 50 ml. of HCl (1:4) and digest covered on the hot plate, shaking fre- 
quently until the precipitate is dissolved and the paper well macerated. 
Dilute, add methyl red, reprecipitate with NH,OH (1:1), boil and filter, 
exactly as before. Add this second filtrate to the first filtrate for the sub- 
sequent determination of lime (Section 53 (a)). Swab the beaker and rod 
and wash the paper and precipitate with NH,Cl solution (2 per cent). 
Dry, then ignite the paper and precipitate in a tared platinum crucible at 
1000 to 1100 C. for 1 hr. with access of air. Cool in a desiccator and weigh 
as R,O; which is mainly the Fe,O; and Al,Os. 


Iron Oxides 

51. Weigh 2.00 g. of the sample into a 150-ml. beaker and cover. 
Dissolve by slowly adding HCl, keeping the beaker on the hot plate. 
Finally, add about 5 ml. of HCl in excess. Heat to gentle boiling until the 
siliceous residue undissolved appears iron-free. Filter and fuse the residue 
with a very little K2SO; or Na2S2O; in a porcelain or vitreous silica crucible 
to avoid introducing platinum. Dissolve the fused material and add to the 
filtrate. Add a few drops of a strong solution of KMnQO, (about 0.5 NV) to 
oxidize any organic matter that may be present. Boil. When the excess 
of KMnQ, is decomposed and chlorine fumes have disappeared, reduce 
the iron by adding SnCl, solution, drop by drop from a pipette with con- 
stant swirling of the beaker, until the solution is colorless, then add 1 drop 
inexcess. Cool quickly in running water, then add at one stroke 15 ml. of 
saturated HgCl, solution. Allow to stand for 3 min., transfer with wash- 
ing to a 600-ml. beaker containing 300 ml. of cold distilled water and 25 ml. 
of MnSO, solution. ‘Titrate with standard 0.1 N KMnQ, solution, added 
very slowly while stirring, until a permanent pink end point is obtained. 
Alumina 

52. Subtract the calculated weight of iron oxide, FeO; (Section 51) 
irom the weight of R,O; (Section 50) and the remainder is the weight of 
the Al,O; plus small amounts of oxides of any other elements that were 
precipitated (Note). 

Note.—These may include P,Os, TiO, and small amounts of SiO», but they are present 
n such small amounts as to be disregarded in the complete analysis of magnesite refractories. 
Lime 

53. (a) Method A. When MgO is to be Determined Directly.—-Acidify 
with several milliliters of HCl (50 per cent) the combined filtrate from the 
RO; precipitation (Section 50) and evaporate to a volume of about 250 ml. 
Heat to incipient boiling, add 25 ml. of a saturated (NH,)2C,0, solution 
about 4 per cent) and NH,OH until slightly alkaline. Stir thoroughly and 
allow the precipitate to settle out, keeping the solution warm for 3 to 4 hr. 
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but not boiling. Filter and wash five times with cold water. Save the 
filtrate. Dissolve the washed oxalate precipitate with 50 ml. of diluted 
HCl (1:1), dilute to 250 ml. and precipitate as before. Wash the beaker 
precipitate and paper with cold water until (NH,)2C.O, is removed. Ayoi 
excessive washing. Combine the filtrates for the determination of Mg() 
(Section 54). To the beaker used for the precipitation, add 150 ml. of 2 
H,SO, solution (5 per cent), then introduce the paper containing the pr 
cipitate. Heat to almost boiling and titrate with 0.1 MN KMn0, solutic 
A blank should be previously determined for the effect of the paper. 

A small part of the lime occasionally escapes the oxalate precipitatio: 
and comes down subsequently with the magnesia. To the lime precipitated 
by the oxalate should accordingly be added that found in the magnesia, 


(b) Method B. When MgO is to be Determined by Difference.'\—Weigh 
2.50 g. of the sample into a 250-ml. beaker, add 10 ml. of water, cover, 
slowly add HCl until dissolved, stirring frequently and avoiding excessive 
boiling. Then add about 5 ml. of HC! in excess. Evaporate on a 
hot plate until very thick and syrupy. At this stage crusts will be forming 
on the surface and a drop of material placed on the wall of the beaker wi 
immediately solidify. Remove the beaker from the hot plate and allow to 
partially cool. Add 5 ml. of H,SO, solution (10 per cent). Cover witha 
watch glass, heat on a hot plate until all soluble matter is dissolved. Cool 
slightly but not until solids separate. Add 50 ml. of alcohol, stir thoroughly 
and heat just to boiling on a hot plate. Filter with suction through a Gooch 
crucible prepared with a moderately thin asbestos mat. If the SiQs is less 
than 3.5 per cent, filter through paper. Rinse the beaker twice with alcohol 
pouring the washings through the crucible. Drain under suction. Remove 
the crucible, scrape out the mat with a glass rod into the beaker in which the 
precipitation of sulfate was made, wash the crucible clean with a hot NH,C1- 
HCI solution, using about 35 ml. If the SiO, is high (over 6 per cent) it is 
advisable to filter it off at this point before precipitating the lime. Dilute 
to about 150 ml. with hot water, make alkaline with NH,OH, heat to 
boiling and precipitate the calcium by slowly adding 15 ml. of a saturated 
solution of (NH;)2C,0,. Digest on the hot plate just below boiling for 
30 min. Filter on a 9-cm. paper, wash with cold water until free 
from oxalate, testing final washing with a drop of KMnQ, after acidifica- 
tion. Transfer the paper and precipitate to the original beaker, dissolve 


with 150 ml. of H,SO, (5 per cent) and titrate as in Method A, Section 53 (a). 
Correct for a blank on the paper. 


1 In this specific procedure very much less lime escapes precipitation and thus the magnesia “by difference 
is not subject to this pluserror. The procedure further has the advantage that an individual lime determination 
may be made without separating the other usual constituents. 
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Magnesia 

54. (a) Acidify with several milliliters of HCl (50 per cent) the com- _ 
bined filtrates reserved during the determination of CaO (Section 53 (a).) 
Dilute to 500 ml. in a calibrated flask and take a 50 ml. (+5) aliquot portion. 
Since a 1-g. sample was originally used, this will yield aliquot portions con- 
taining between 0.08 to 0.09 g. of MgO. Dilute to 250 ml. and add 2 to 
3 g. of diammonium phosphate, (NH,)2HPO,. Stir until dissolved and 
then add NH,OH slowly until alkaline and then 30 ml. of NH,OH in excess. 
Allow the solution to stand for at least 4 hr. and, preferably overnight if 
the total amount of solution exceeds 400 ml. in volume. Filter, wash with 
diluted NH,OH solution (5 per cent). Dissolve from the paper with hot 
HCl (1:1) and reprecipitate by adding 0.1 g. of (NH.)2HPO,, diluting, 
rendering ammoniacal and letting stand as before. After filtering and 
washing as before, char the paper and burn off the carbon below 900 C. and 
then ignite in an electric muffle furnace at about 1100 C. to constant weight. 
The ignited material consists of magnesium pyrophosphate, Mg2P20; as well 
assome of the CaO and MnO. Correction may be made for these as follows: 


(b) Dissolve the ignited pyrophosphate in a little diluted H,SO, and 
add enough absolute alcohol to make up 90 to 95 per cent of the final 
volume. Any calcium present will settle out as CaSO,. Filter, wash with 
alcohol and dissolve the precipitate in hot diluted HCl. Precipitate with 
oxalate and titrate with permanganate. Add this CaO to that previously 
found. The CaO is then calculated to tricalcium phosphate, Ca3(PO,)e, 
by multiplying by the factor 1.845 and this amount deducted from the 
weight of the Mg2P,0;. The correction to the first calcium precipitate is 
ten times the weight of the CaO precipitated as sulfate. 


(c) The manganese which contaminates the Mg,P.O; is determined 
in the alcoholic filtrate from the CaSO,. Evaporate this filtrate until 
strong fumes are evolved and all organic matter destroyed. Cool, dissolve 
the residue in 25 ml. of HNO; (30 per cent) and determine the manganese 
by the bismuthate method, as described in Section 55. Any manganese 

found is calculated to Mn2P,0; by multiplying by the factor 2.585 and 


this weight deducted from the MgeP20x. 


Manganese as MnO 


55. Mix intimately 1.0 to 5.0 g. of the sample (depending upon the 
amount of manganese expected) with 0.5 to 2.5 g. of anhydrous Na,CO; and 
ignite in a platinum crucible for 15 min. at about 1000 C. Dissolve the sin- 
tered melt in 50 ml. of HNO; (30 per cent) and add dropwise sulfurous acid, 
if there is any evidence of brown hydrated MnO. Boil the solution, filter 
if necessary, cool to room temperature or lower, and add 2 to 3 g. of sodium 
bismuthate. ee the solution for 11 min. and filter through asbestos 


— 


— 
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(Note). Wash with a HNO; solution (3 per cent) until the residue is fre 
from permanganic acid, as determined by the absence of the pink color j 
the washings. ‘Titrate, at once, the permanganic acid formed, with stand 
ard sodium arsenite (1 ml. = 0.0002 g. of Mn). The end point is the djs. 
appearance of the pink color. ‘The factor for converting Mn to MnOis 1.29 


Note.—A good grade of asbestos, acid washed, and specially prepared for Gooct 
crucibles, should be used. 


Revractortes (C 18-37 T 
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TENTATIVE METHODS TEST 
FOR 
COLD CRUSHING STRENGTH AND MODULUS OF RUPTURE 
OF REFRACTORY BRICK AND SHAPES! 


A.S.T.M. Designation: C 133 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
society, 260 S. Broad St., Philadelphia, Pa. 


IssurD, 1937, 


Scope — 
1. These methods cover the following tests for refractory brick and 
shapes: 
oe The cold crushing strength test; and 
The modulus of rupture test. 


CoL_p CRUSHING STRENGTH TEST 


§ 
Apparatus 


— 

2. Any form of standard mechanical or hydraulic testing machine 
may be used for the cold crushing strength test, together with a spherical 
bearing block with a plane bearing surface the area of which is equal to or 
greater than the cross section of the test specimen. 


Test Specimen 


3. The test specimen shall approximate a whole brick in size (9 we 
45 by 2} in.), and preserve as many of the original surfaces as possible. 
In preparing specimens from irregular or large refractory shapes, any 
method involving the use of abrasives, such as high-speed abrasion wheel 
or rubbing bed, which will produce a specimen with approximately plane 


and parallel sides, without weakening the structure of the specimen, , may 
be used. — 


Preparation of Test Specimen 


4. (a) The specimen to be used for the cold crushing strength test 
shall be prepared as follows: The two end surfaces (43 by 2} in.) intended 
to receive the load from the testing machine shall receive a thin coating 
of shellac and be allowed to dry thoroughly. One of the shellacked bearing 
surfaces shall then receive a thin coat of a neat mortar of calcined gypsum — 


grants the standardization procedure of the Society, these methods are under the jurisdiction of the 
T.M. Committee C-8 on Refractories. 
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(plaster of Paris). This mortared face of the specimen shall then be pressed 
on plate glass or other plane, nonporous surface, which has been previously 
oiled or covered with waxed paper, and the bedding material allowed to 
harden. This procedure shall be repeated with the other shellacked sur. 
face. Care shall be taken that the opposite faces so coated with bedding 
material shall be parallel. 

(6) When the top and bottom surfaces of the specimen are approxi- 
| mately plane and parallel, a cellulose fiber wall board 0.25 in. in thickness 


Cross Head of 
Testing 


>> Spherical 
Bearing Block 


Spherical Surface |-- 

Whole Brick 


Weighing Table of 
Testing Machine 


_ Fic. 1.—Recommended Design for Bearing Block for Use in Cold Crushing Test. 


and extending 2 in. or more over the edges of the specimen may be substi- 
tuted for the above method of preparation. 


(c) The report shall state which type of bedding material is used. ¥ 
Number of Tests 


5. Cold crushing strength tests shall be made on at least five brick, or 
specimens taken from five different refractory shapes. 


Cold Crushing Strength Test 


6. (a) The load shall be applied to the 4} by 2}-in. ends of the test 
specimen. 


(6) The bearing block shall be used on top of the test specimen in 
vertical testing machines. The center of the sphere of the bearing block 
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ed shall be used in contact with the top bearing surface of the specimen, and 
sly in the vertical axis of the specimen (Fig. 1). The spherical bearing block 
to shall be kept thoroughly lubricated to insure accurate adjustment, which 
Ir- should be made by hand under a small initial lcad. 
ng (c) The speed of head of the testing machine during the application 
of the load shall not be more than 0.5 in. per min. up to a pressure of 500 
< lb. per sq. in. Above 500 Ib. per sq. in., the speed shall not exceed 0.05 
SS in. per min. 


(d) During the test, when a mechanically actuated testing machine 
is used, the beam of the testing machine shall be kept constantly in a 
floating position. 


Cold Crushing Strength 


7. The cold crushing strength in pounds per square inch shall be 
reported as calculated from the following formula: 


where S = the cold crushing strength in pounds per square inch, 


W = the total maximum load, in pounds, indicated by the testing 
machine, and 
A = the average of the gross areas of the top and bottom of the 
specimen, in square inches, of the section of the specimen 
perpendicular to the line of application of the load. — 
or Rupture TEST 
Apparatus 


8. (a) Any form of standard testing machine with bearing edges as 
described in Paragraph (b) may be used for the modulus of rupture test. 

Note.—Portable apparatus properly calibrated may be used. 

(b) Bearing edges, 1} in. in diameter, shall be straight and have full 
contact with the specimen and they shall have a length at least equal to 
the width of the brick to be tested. Their bases shall be so curved or 
rounded as to permit free movement of the working edges. ‘The use of 
bearing cylinders of the type shown in Fig. 2 is recommended, although 
other types may be used which will provide free movement and at the 
same time insure full and even bearing at all times during the test. A 
satisfactory alternate design is shown in Fig. 3. 


Test Specimen 


9. The test specimen shall be a whole 9-in. brick (9 by 43 by 23 in.) 
or its equivalent size ground or cut from a refractory shape. 


| 
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Number of Tests Mo 


10. Modulus of rupture tests shall be made on at least five whole 
specimens, and in the case of special shapes, these shall bé cut from five as | 


different shapes. 
| Yy 
wh 
by, 


-Cross Head of “47/7 
Testing Machine Yy 


Bearing Cylinder~—~~~ ee 
— 
Whole : 
Brick Flat idan ifrad 


AA ‘ 
Fic. 2.—_Recommended Design for Bearing Cylinders and Rockers for Use in 
Modulus of Rupture Test. 


Weighing Table of 
Testing Machine 


= 
HO. 
4 } 

Cold-Rolled Steel 


Transverse Brick Testing Apporatus 
‘Fic. 3.—Recommended D Design for Alternate Apparatus for Modulus of Rupture Test. 


Modulus of Rupture Test 


11. (a) A test specimen shall be placed flatwise on the bearing cylinders 
with a span of 7 in. and the load applied at mid-span. 
(b) The speed of head of the testing machine, during the application 


of the load, shall not be more than 0.05 in. per min. di 


. 
Thumb 
Screws 
Screws<™ 
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Modulus of Rupture 
12. The modulus of rupture in pounds per square inch shall be reported — 
as calculated from the following formula: ee 


where R = the modulus of rupture in pounds per square inch, 
W = the total load in pounds at which the specimen failed, 
| = the distance between the supports in inches, 
b = the width of the specimen in inches, and 
d = the depth of the specimen in inches. 
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TENTATIVE DEFINITIONS OF TERMS RELATING TO 
REFRACTORIES! 


A.S.T.M. Designation: C 71-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 1 
annual revision. Suggestions for revision should be addressed to the Headquarters of t 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1936; REVISED, 1937. 


Insulating Brick—A product manufactured in standard brick shapes used 
primarily for heat insulation purposes. 

Insulating Fire Brick.—A product with low-heat conductivity suitable 
for use as a lining for furnaces. 

Calcining.—In the case of refractories manufacture, the heating of raw 
materials to redness or a higher temperature. 


Burning (Firing).—In the case of refractories manufacture, the heat treat- 
ment of a refractory mix at a temperature high enough to develop a 
bond by partial vitrification. 

Hard-Burned Refractory Ware.—Ware which has been subjected to a 
maximum intensity of heat treatment practicable. 

Light-Burned Refractory Ware.—Ware which has been subjected to 4 
minimum intensity of heat treatment practicable. 

Medium-Burned Refractory Ware.—Ware which has been subjected to 
heat treatment of intermediate intensity. 

50 per cent Alumina-Diaspore Refractories.--Refractory brick and shapes 
having diaspore or nodular fire clay as an essential original ingredient, 
an alumina content of 50 per cent + 2.5 per cent, and a Pyrometric 
Cone Equivalent not lower than Standard Pyrometric Cone No. 34. 

60 per cent Alumina-Diaspore Refractories.—Refractory brick and shapes 
having diaspore or nodular fire clay as an essential original ingredient, 
an alumina content of 60 per cent + 2.5 per cent, and a Pyrometric 
Cone Equivalent not lower than Standard Pyrometric Cone No. 35. 

70 per cent Alumina-Diaspore Refractories.—Refractory brick and shapes 
having diaspore as an essential original ingredient, an alumina con- 


1 Under the standardization procedure of the Society, these definitions are under the jurisdiction of the 
A.S.T.M. Committee C-8 on Refractories. es Relating 
These definitions, when adopted as standard, will be added to the Standard Definitions of Keg 

to Refractories (A.S.T.M. Designation: C 71-36), 1936 Book of A.S.T.M. Standards, Part II, p. . 
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tent of 70 per cent + 2.5 per cent, and a Pyrometric Cone Equivalent 
not lower than Standard Pyrometric Cone No. 36. 


Note.—Definitions of diaspore clay and nodular fire clay appear in the Standard 
Definitions of Terms Relating to Refractories (A.S.T.M. Designation: C 71) of the Amer- 
ican Society for Testing Materials. 

Alumina content is determined in accordance with the Tentative Methods of Chemical 
Analysis of Refractory Materials (A.S.T.M. Designation: C 18-37 T) of the American 
Society for Testing Materials.? 

Pyrometric Cone Equivalent is determined in accordance with the Standard Method 
of Test for Pyrometric Cone Equivalent of Fire Clay and Fireclay Brick (A.S. T. M. Desig- 
nation: C 24) of the American Society for Testing Materials.’ a a 


11936 . — £ A.S.T.M. Standards, Part II, p. 255. 
2See p 
1936 Book of A.S.T.M. Standards, Part II, p. 229. 
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TENTATIVE SPECIFICATIONS 
FOR 


CONCRETE AGGREGATES! 
A.S.T.M. Designation: C 33 -37T 


This is a Tentative Standard and under the Regulations of the Society is st bject 
to annual revision. Suggestions for revision should be addressed to the Head- 
_ quarters of the Society, 260 S. Broad St , Philadelphia, Pa. 


IsSUED, 1921; REVISED, 1923, 1926, 1928, 1930, 1931, 1936, 1937. 


QUALITY OF AGGREGATES 


It is recognized that for certain purposes satisfactory results may be 
obtained with materials not conforming to these specifications. In such cases 
the use of fine and coarse aggregates not conforming to these specifications 
may be authorized only under special provisions based upon laboratory studies 
of the possibility of designing a mixture of materials to be used on the job that 

_ will yield concrete equivalent in quality to the specified mixture made with 
materia] complying with these specifications in all respects. 


FINE AGGREGATE 
_ General Characteristics 


1. Fine aggregate shall consist of natural sand, sand prepared 
_from stone, blast-furnace slag, or gravel; or, subject to the approval 
_of the engineer, other inert materials having similar charac‘eristics. 

Deleterious Substances 


2. (a) The amount of deleterious substances shall not exceed the 
following limits: 


RECOMMENDED MaxXIMUM 
PERMISSIBLE PERMISSIBLE 

Limits, Limits, 
PER CENT BY PER CENT BY 


WEIGHT WEIGHT 
Clay lumps, not more than.............. 1 1.5 
0.25 l 


_ Material finer than No. 200 sieve: 
(a) In concrete subject to surface abra- 


sion, not more than............. 2 3 

(b) All other classes of concrete, not more 

_ Other deleterious substances (such as shale, 


alkali, mica, coated grains, soft and flaky . : 


Note.—The recommended limits should be specified on all work where it is 
_ economically practicable to obtain materials conforming thereto. 


(b) All fine aggregate shall be free from injurious amounts of 
_ organic impurities. Aggregates subjected to the colorimetric test for 


1 Under the standardization procedure of the Society, these specifications are under the jurisdic 
C tion of the A.S.T.M. Committee C-9 on Concrete and Concrete Aggregates. 
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organic impurities and producing a color darker than the standard 
shall be rejected unless they pass the mortar strength test as specified 


in Section 4. 


Grading 

3. (a) Fine aggregate shall be well graded from coarse to fine 
and when tested by means of laboratory sieves! shall conform to the 
requirements: 


Per CENT 

nc (5) to (30) 


Note.—Figures in parentheses are suggested as limiting percentages but they 
may be altered within these limits to suit local conditions. 


(b) The above gradation for fine aggregate represents the ex- 
treme limits which shall determine the suitability for use of fine 
aggregate from all sources of supply. ‘The gradation of fine aggregate 
from any one source shall be reasonably uniform and not subject to 
the extreme percentages of gradation specified above. For the pur- 
pose of determining the degree of uniformity of a fine aggregate, a 
fineness modulus determination shall be made upon representative 
samples of fine aggregate, from such sources as are proposed for use. 
Fine aggregate from any one source having a variation in fineness 
modulus greater than 0.20 either way from the fineness modulus of 
the representative sample submitted by the contractor shall either be 
rejected or may be accepted subject to such adjustment in propor- 
tions as may be necessary by reason of changes in grading of fine 
aggregate. Fine aggregate from different sources of supply shall not 
be mixed or stored in the same pile nor used alternately in the same 
class of construction or mix, without permission from the engineer. 

(c) In case the concrete resulting from a mixture of aggregates 
approaching the extreme limits for gradation is not of a workable 
character, or when finished does not exhibit a proper surface, due to 
an excess of particles approximately 4 to 3 in. in size, either a fine 
aggregate having a sufficiently greater percentage of fine material, or 
a Coarse aggregate having a sufficiently smaller percentage of fine 
material shall be used. 

Mortar Strength 


4. Fine aggregate shall be of such quality that when made into 
a mortar and subjected to the mortar strength test (Section 10 (e)) 
‘For detail requirements for these sieves, see the Standard Specifications for Sieves for Testing 


Purposes (A.S.T.M. Designation: E 11) of the American Society for Testing Materials, 1936 Book 
of A.S.T.M. Standards, Part II, p. 1413. 
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it shall develop a compressive strength at 7 and 28 days of not less 

per cent! of that developed by a mortar prepared in the 

same manner with the same cement and graded Ottawa sand having 
a fineness modulus of 2.40 + 0.10. 

Note.—The graded Ottawa sand mentioned above may be obtained with a 


mixture of approximately equal parts by weight of standard Ottawa sand and 
run-of-mine Ottawa sand, 


CoARSE AGGREGATE 
General Characteristics 
5. Coarse aggregate shall consist of crushed stone, gravel, blast- 
furnace slag, or other approved inert materials of similar character- 
istics, or combinations thereof, having hard, strong, durable pieces, 
free from adherent coatings and conforming to the requirements of 
these specifications. 


Deleterious Substances 


6. The amount of deleterious substances shall not exceed the 


following limits: 


RECOMMENDED MAXIMUM 
PERMISSIBLE PERMISSIBLE 


Limits, Limits, 
PER CENT BY PER CENT BY 
WEIGHT WEIGHT 


Soft fragments.......... 2 5 
Coal and lignite 0.25 
Material finer than No. 200 sieve 0.5 (Note 2) 1 (Note 2) 
Other deleterious substances............. as specified as specified 


Nore 1,—The recommended requirements should be specified on all work where 
_ it is economically practicable to obtain materials conforming thereto. 


Note 2.—When the material finer than the No. 200 sieve consists essentially of 
_ crusher dust the recommended and maximum permissible limits specified above may 
_ be raised to 0.75 and 1.5 per cent, respectively. 


Grading 
7. (a) Coarse aggregate shall be well graded, between the limits 
_ specified, and shall conform to the following requirements: 


CRUSHED STONE, GRAVEL AND BLAST-FURNACE SLAG 


Percentages Passing Laboratory Sieves Having Square Openings 


Designated Size 
2 in. 1 in. in. 


i nicciecinscionwapes 95 to 100 35 to 70 10 to 30 
in. to No. 4...... 

in. to No. 4¢ 

2 in. to 1 in wagon 35 to 70 

oes | 90 to 100 | 20 to 55 


@ Not more than 5 per cent passing the No. 8 sieve. 


1A percentage should be inserted by the engineer to suit local conditions. 
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(b) Designation of a given coarse aggregate as aggregate of a 
certain maximum size shall be understood to mean that more than 5 
per cent must be retained on the next smaller of the sieves appearing 
in the above table. 
(c) In case the concrete resulting from a mixture of aggregates _ 
approaching the extreme limits for gradation is not of a workable 
character, or when finished does not exhibit a proper surface, due to 
an excess of particles approximately } to 3 in. in size, either a fine 
aggregate having a sufficiently greater percentage of fine material or 
a coarse aggregate having a sufficiently smaller percentage of fine — , 


material shall be used. 


Weight of Slag 

8. Blast-furnace slag that meets the grading requirements of — 
these specifications shall conform to the following minimum weight — 
requirements: 


Concrete subject tO 70 lb. per cu. ft. 
Durability 


9. Coarse aggregate shall pass a sodium sulfate accelerated 
soundness test, except that aggregates failing in the accelerated sound- 
ness test may be used if they pass a satisfactory freezing and thawing ; 
test. 


Note.—Many engineers believe that an abrasion test for coarse aggregate to be 
used in concrete subject to abrasion is important, but no test limits are specified, 
due to the status of knowledge concerning suitable specification limits for this test. 
The committee believes that the abrasion tests when applied to blast-furnace slag 
do not meet the requirements for a desirable test. This recommendation is made 
after consideration of the results of a study to determine the value of the abrasion 
test as to the concrete making properties of slag. 


METHODS OF SAMPLING AND TESTING 
Methods of Testing 


10. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials, except as specified in Para- 
graphs (j) and (R): 

(a) Sampling —Standard Methods of Sampling Stone, Slag, > 
Gravel, Sand and Stone Block for Use as Highway Materials, Includ- 
ing Some Material Survey Methods (A.S.T.M. Designation: D 75).! 


11936 Book of A.S.T.M. Standards, Part II, p. 1092. _ 
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(b) Sieve Analysis.—Standard Method of Test for Sieve Analysis 
_ of Aggregates for Concrete (A.S.T.M. Designation: C 41).' 
_ (c) Amount of Material Finer than No. 200 Sieve.Standard 


Method of Test for Amount of Material Finer than No. 200 Sieve 
in Aggregates (A.S.T.M. Designation: C 117).? 
(d) Organic Impurities—Standard Method of Test for Organic 
_ Impurities in Sands for Concrete (A.S.T.M. Designation: C 40).’ 
(e) Mortar Strength—Standard Method of Test for Structural 
4 Strength of Fine Aggregate Using Constant Water-Cement-Ratio 
Mortar (A.S.T.M. Designation: C 87).‘ 

({) Compressive Strength—Standard Methods of Making Com- 
pression Tests of Concrete (A.S.T.M. Designation: C 39).5 

(g) Soundness.—Tentative Method of Test for Soundness of 
Aggregates by Use of Sodium Sulfate or Magnesium Sulfate (A.S.T.M. 
Designation: C 88 — 37 T).6 

(h) Freezing and Thawing.—Method of freezing-and-thawing 
tests of drain tile as described in the Standard Specifications for 

Drain Tile (A.S.T.M. Designation: C 4).? 

(i) Coal and Lignite-—Tentative Method of Test for Coal and 
Lignite in Sand (A.S.T.M. Designation: C 123 -36 T).* 

(j) Shale-—Method of Test for Percentage of Shale in Aggregate," 
Tentative Method T-10 of The American Association of State High- 
way Officials. 

(k) Soft Fragments.—Method of Test for Quantity of Soft Pebbles 

j in Gravel,? Tentative Method T-8 of The American Association of 
State Highway Officials. 

(l) Moisture-—Standard Method of Test for Surface Moisture 
in Fine Aggregate (A.S.T.M. Designation: C 70).! 

(m) Weight of Slag —Standard Method of Test for Unit Weight 
of Aggregate for Concrete (A.S.T.M. Designation: C 29)."' 

(n) Abrasion.—If abrasion tests are made the following methods 
of test are recommended: 


! 1936 Book of A.S.T.M. Standards, Part II, p. 353. 
2 1937 Supplement to Book of A.S.T.M. Standards, p. 99. 
#1936 Book of A.S.T.M. Standards, Part II, p. 350. 
4 Ibid., p. 355. 
Jbid., p. 342. 
6 See p. 804. 
71936 Book of A.S.T.M. Standards, Part II, p. 257. 
8 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 794 (1936); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 593. 
*See “Tentative Standard Specifications for Highway Materials and Methods of Sampling and 
Testing,” The Am. Assn. State Highway Officials, pp. 98, 97 (1935), also 1928 Report of Com- 
mittee C-9 on Concrete and Concrete Aggregates, see Proceedings, Am. Soc. Testing Mats. Vol. 28, 
Part I, pp. 362, 363 (1928). 
101936 Book of A.S.T.M. Standards, Part II, p. 357. 
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(1) Abrasion of Gravel.—Tentative Method of Test for Abrasion 
of Gravel by Use of the Deval Machine (A.S.T.M. Designa- 
tion: D 289 — 37 T).! 

. (2) Abrasion of Rock.—Standard Method of Test for Abrasion 

of Rock by Use of the Deval Machine (A.S.T.M. Designa- 

C tion: D 2),? except that for specific gravities lower than 2.2 
a 4000-g. sample shall be used. 

(0) Fineness Modulus.—The fineness modulus is the sum of per- 

centages in the sieve analysis divided by 100 when the sieve analysis 

is expressed as cumulative percentages coarser than each of sieves 

Nos. 100, 50, 30, 16, 8, 4, etc. The sieves shall conform to the require- 

ments of the Standard Specifications for Sieves for Testing Purposes 

(A.S.T.M. Designation: E 11) of the American Society for Testing 

Materials.* The sieve analysis shall be made in accordance with the 

Standard Method of Test for Sieve Analysis of Aggregates for Con- 

crete (A.S.T.M. Designation: C 41) of the American Society for 

Testing Materials.‘ 

21936 Book of A.S.T.M. Standards, Part I[, p. 1040. 


[bid., p. 1413. 
Jbid., p. 353. 
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TENTATIVE SPECIFICATIONS 
FOR 
LIGHTWEIGHT AGGREGATE FOR CONCRETE! 


A.S.T.M. Designation: C 130 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 


Scope 


1. These specifications cover lightweight aggregates for use in concrett 

Note.—The specification limits which are not enclosed in parenthesis are recon 
mended for use when it is practicable to secure economically materials conforming to thet 
When it is not practicable to secure such materials economically the specification limits 1 
be extended but not beyond the maximum permissible limits shown in parentheses. Gen- 
erally, such extension in the specification limits can be compensated for by a change in 1 
design of the mix or by the exercise of more than the usual care in the control of the concret 
during construction. 


| 
| 
| 


General Characteristics 


2. (a) Lightweight aggregates shall consist of pumice, lava, tufa, slag, 
burned clay, burned shale, cinders derived from the high-temperature com 
bustion of coal or coke showing a loss on ignition of not more than 25 per 
cent (40 per cent)? and volatile matter of not more than 5 per cent, or, 
subject to approval by the engineer, other material having strong, durable 
particles and conforming to the requirements of these specifications. 

(6) When approved by the engineer, for the purpose of securing the 
desired workability, lightweight aggregate meeting the requirements of 
these specifications may be mixed with a fine aggregate meeting the require- 
ments of the Tentative Specifications for Concrete Aggregates (A.S.T.M. 
Designation: C 33 — 37 T) of the American Society for Testing Materials,’ 
provided, however, that the combined aggregate shall meet all the other 


requirements of these specifications. 
Grading 


3. Lightweight aggregate shall be graded from coarse to fine within 
the following limits: 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 

the A.S.T.M. Committee C-9 on Concrete and Concrete Aggregates. ss + 
2See Note under Section 1. : 


4See p. 792. 


in 
tir 
Coars 
bit 
Uni 
| 
spe 
| we 
| 
| 
Mc 
int 
sh 
1 de 
an 
sh 
th 
Sa 
| Si 
te 


hin 


n of 


SPECIFICATIONS FOR LIGHTWEIGHT AGGREGATE (C 130-37 T) 799 


Percentages Passing Sieves Having Square Openings 
Size Designation 
1 in. 3 in. 3 in. din. No. 4 No. 8 No. 16 | No. 50 | No. 100 
Fine Aggregate 
in, todust.......-- 100 |95to100] ....... 45 to 80 | 10to30 | 5to15 
fin. to dust......... 100 | 95to100/55to80 | ....... | ....... 10 to 25 | 5to 15 
Coarse Aggregate: 
Unit Weight 


4. Lightweight aggregate meeting the grading requirements of these 
specifications when tested in a dry condition shall conform to the following 
weight requirements: 


Unit WEtGcut, 
LB. PER CU. FT, 
Fine aggregate, not more 70 


a * He: avier aggregate may be permitted when lightweight aggregates meeting the above > aga are 
not economically available and the higher weight of concrete resulting from their use is permissible. 


Mortar Strength 

5. (a) Lightweight aggregate shall be of such quality that when made 
into a mortar and subjected to the mortar strength test (Section 9 (d)) it 
shall develop a compressive strength at 7 or 28 days of not less than 70 per 
cent (or, for concrete not exposed to wear or weather, 60 per cent), of that 
developed by a mortar prepared in the same manner, with the same cement 
and the graded Ottawa sand described in Paragraph (b). Coarse aggregate 
shall be reduced to the grading specified for fine aggregate before use in 
the mortar test. 

(b) The Ottawa sand referred to in Paragraph (a) is natural silica 
sand produced by the Ottawa Silica Co., Ottawa, IIl., graded as follows:! | 


0 per cent 
Soundness 


6. Lightweight aggregate, when subjected to five cycles of the accel- 
erated sulfate soundness test, shall lose not more than 12 per cent (15 per 
cent)? in weight, provided, however, that an aggregate failing in this 
requirement may be accepted if it passes a satisfactory freezing-and-thawing 
test. The engineer may waive the soundness test requirement for light- 
weight aggregate for concrete not to be exposed to moisture. 

_ ¢ These requirements for Ottawa sand are identical with those sp cified in the Tentative Method of Test ; 


ompressive Strength of Portland-Cement Mortars (C 109 - 37 T), see p. 726. 
Note under Section 1. 
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800 SPECIFICATIONS FOR LIGHTWEIGHT AGGREGATE (C 130-37 T) 


Deleterious Substances 
7. Lightweight aggregate shall not contain excessive amounts of 
deleterious substances. 
8. All lightweight aggregate shall be free from injurious amounts of 
organic impurities. Aggregates subjected to the colorimetric test for 
organic impurities and producing a color darker than the standard shall 


be rejected unless they pass the mortar strength test (Section 5), which 
requirement may be raised by the engineer by not more than 10 per cent. 


ann 
Methods of Sampling and Testing ™ 
9. Lightweight aggregate shall be sampled and the properties enumer- Sec 
ated in these specifications shall be determined in accordance with the 
following methods of the American Society for Testing Materials: an 
(a) Sampling.—Standard Methods of Sampling Stone, Slag, Gravel, (N 
Sand and Stone Block for Use as Highway Materials, Including Some 
Material Survey Methods (A.S.T.M. Designation: D 75)... siz 
(b) Grading.—Standard Method of Test for Sieve Analysis of Aggre- ™ 
gates for Concrete (A.S.T.M. Designation: C 41).? le 
(c) Unit Weight—Standard Method of Test for Unit Weight of Aggre- 
gate for Concrete (A.S.T.M. Designation: C 29),* except that shaking to T 
refusal for each layer shall be substituted for tamping as specified. Unit of 
weights shall be determined on material dried to constant weights at A 
temperatures of not less than 100 C. and not more than 120 C. Si 
(d) Mortar Strength—Standard Method of Test for Structural Strength p 


of Fine Aggregate Using Constant Water-Cement-Ratio Mortar (A.S.T.M. 
Designation: C 

(e) Compressive Strength—Standard Methods of Making Compression 
Tests of Concrete (A.S.T.M. Designation: C 39).5 

(f) Soundness.—Tentative Method of Test for Soundness of Aggregates 
by Use of Sodium Sulfate or Magnesium Sulfate (A.S.T.M. Designation: 
C 88-37 T). 

(g) Organic Impurities Standard Method of Test for Organic Impuri- 
ties in Sands for Concrete (A.S.T.M. Designation: C 40).? 

(h) Freezing and Thawing.—Method of freezing-and-thawing test 4s 
described in Sections 26 to 31 of the Standard Specifications for Drain 
Tile (A.S.T.M. Designation: C 


11936 A.S.T.M. ‘Standards, Part II, p. 1092. 


[bid., p. 3 

8 Ibid., p. 364. 

Ibid., p. 355. 
Ibid., p. 342. 
*See p. 804, 


’ 1936 Book s A.S.T.M. Standards, Part II, p. 350. 
* Ibid., p. 2 
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TENTATIVE METHOD OF TEST _ 
FOR 


ABRASION OF COARSE AGGREGATE BY USE OF THE , 


Is of 
ye | LOS ANGELES MACHINE! 
shall A.S.T.M. Designation: C 131-37 T 
hich This is a Tentative Standard and under the Regulations of the Society is ‘subject to. 7 
ent. annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED, 1937. 
ner- Scope = 
the 1. This method of test is intended for determining the abrasive resist- 
ance of crushed rock, crushed slag, uncrushed gravel, and crushed gravel 
ve, (Note). 
— Note.—Ledge rock, hand-broken into approximately cubical fragments of the different 
sizes shown, when tested by this method, has been found to have a loss of approximately 
rre- 85 per cent of that for crushed rock of the same quality. 
Los Angeles Machine 
are- 2. The Los Angeles abrasion testing machine shall be used. 
; to The machine shall consist of a hollow iron drum, having inside dimensions 
nit of 20 in. in length and 28 in. in diameter, rotating on a horizontal axis. 


at An opening in the cylinder shall be provided for the introduction of the 
sample and shall be closed dust-tight, with a removable cover bolted into 
place. A shelf, which projects 3} in. into the drum and extends the full 
M. length of the drum, shall be attached to the cover or to the inside of the 

drum. The surface of the shelf which catches the charge shall be rectangu- 


on lar and shall lie in a radial plane. The testing machine shall conform in 
all of its essential characteristics to the plan shown in Fig. 1. 
tes 
ae Abrasive Charge 
3. (a) The abrasive charge shall consist of cast-iron spheres or steel 
" pheres approximately 17 in. in diameter and weighing between 405 and 
40 g. each. ‘The cast-iron spheres shall conform to the following require- 
ments as to chemical composition 2 
in Combined carbon, min., per Cent..........-.scesccsecesccscrcccece 2.50 
1.00 


AS r Under the standardization procedure of the Society, this method is under the joint jurisdiction of the 
Mat -M. Committee C-9 on Concrete and Concrete Aggregates and Committee D-4 on Road and Paving 


a y rhese requirements are identical with those for the cast-iron spheres used in the rattler test for paving 
_ i as prescribed in the Tentative Specifications for Paving Brick (A.S.T.M. Designation: C 7-37 T) of 
erican Society for Testing Materials, p. 740. 
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802 TEST FOR ABRASION OF COARSE AGGREGATE (C 131 - 37 T) 


(b) A charge of 12 spheres weighing 5000 g. + 25 g. shall be used with 
the grading A described in Section 4, and a charge of 11 spheres weighing 
4583 g. + 25 g. shall be used with the grading B described in Section 4 


Test Sample 

4. The test sample shall consist of 5000 g. of clean, dry aggregate and 
shall conform to either of the following gradings. ‘The grading used shall 
be that most nearly representing the aggregate furnished for the work. 


SIZE 
(SQUARE OPENINGS) 
PASSING RETAINED ON 
1} in. i 
1 in. 
in. 
in. 


GRADING A GRavinc B 


WEIGHT, G, 


WEIGHT, G. 


li Cast Steel Ends 
Vly 28" diam. 


| Wa 


Concrete Pier 

- 


ev.? 


Fic. 1.—Los Angeles Abrasion Machine. 


Procedure 


5. The test sample and the abrasive charge shall be placed in the 
Los Angeles abrasion testing machine and the machine rotated for 500 
revolutions at a speed of from 30 to 33 r.p.m. If an angle is used as the 
shelf, the machine shall be rotated in such a direction that the charge is 
caught on the outside surface of the angle. At the completion of the test, 
the material shall be removed from the machine and sieved on a No. 12 
sieve conforming to the requirements of the Standard Specifications for 
Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of the American 
Society for Testing Materials.!| The material retained on the sieve shall be 
washed, dried, and accurately weighed to the nearest gram (Note). 


Note.—Attention is called to the fact that valuable information concerning the 
uniformity of the sample under test may be obtained by determining the loss after 100 
revolutions; when this determination is made care should be taken to avoid loss of any 
part of the sample; the entire sample, including the dust of abrasion, shall be returned to 
the testing machine for the completion of the test. 


1 1936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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Test FOR ABRASION OF COARSE AGGREGATE (C 131-37 T) 80: 


Calculation 

6. The difference between the original weight and the final weight 
of the test sample shall be expressed as a percentage of the original weight 
of the test sample. This value shall be reported as the percentage of wear. 
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‘TENTATIVE METHOD OF TEST 
FOR 
SOUNDNESS OF AGGREGATES BY USE OF SODIUM SULFATE 
OR MAGNESIUM SULFATE! ] 
A.S.T.M. Designation: C 88 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. - =a 


IssuED, 1931; ReEvisED, 1932, 1935, 1937. 

Scope 

1. This method describes the procedure to be followed in testing 
aggregates to determine their resistance to disintegration by saturated 
solutions of sodium sulfate or magnesium sulfate. It furnishes information 
helpful in judging of the soundness of aggregates subjected to weathering 
action. However, in selecting aggregates, principal dependence should be 
placed on service records of the materials when exposed to actual weathering 
conditions. In the absence of such information, the test method affords a 
useful guide. Because of the limited amount of information concerning 
the significance of the test results and because of the lack of uniformity of 
tests made in different laboratories and of repeated tests in the same 
laboratory, the test method should not be used as an arbitrary basis of 
rejection; it should be used only to furnish information to indicate whether 
or not the materials require further investigation of their soundness. 


2. The apparatus shall consist of the following: 


(a) Solution—Supply of saturated solution of sodium sulfate or mag- 
nesium sulfate prepared in accordance with Section 3 (a) and (0). 

(b) Sieves.—Sieves, sizes Nos. 100, 50, 30, 16, 8 and 4, conforming to 
the Standard Specifications for Sieves for Testing Purposes (A.S.T.M. 
Designation: E 11) of the American Society for Testing Materials, and 
sieves with square openings in sizes ? in., 3 in., 1} in., 2} in., and larger 
sizes by 1-in. spread for screening the samples in accordance with Sections 
4 and 5. 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. Test 

This method is in effect a combination, without change in principle, of the Tentative Metho® s i 
for Soundness of Fine Aggregates by Use of Sodium Sulfate or Magnesium Sulfate (C 88 — 35 T) and — 
Soundness of Coarse Aggregates by Use of Sodium Sulfate or Magnesium Sulfate (C 89 - 35 T); see Proce ia f . 
Aen. Soe, Sestng Mats., Vol. 35, Part I, pp. 842, 837 (1935); also 1936 Book of A.S.T.M. Tentative Stan . 
pp. 502. 

21936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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‘Test ror SOUNDNESS oF AGGREGATES (C 88 - 37 T) 805 

(c) Containers.—Suitable container (Note) for immersing the samples 
of aggregate in the solution in accordance with the procedure hereinafter 
described shall be selected. Containers shall be non-metallic or of metal 
not subject to corrosion by sodium sulfate or magnesium sulfate. 


Note.—No standard form of container is recommended since different practices will 
be most convenient in various laboratories. The committee has had presented to it data 
indicating that the type of container may affect the results in some degree, but these data 
are not sufficiently comprehensive to permit of specifying a particular type. Two general 
methods of immersion have been used as follows: 

(1) Each sample placed in a water-tight container and covered with the sodium 
sulfate or magnesium sulfate solution. 

(2) Each sample placed in a container with a wire mesh or perforated bottom (depend- 
ing upon size of particles being tested) and immersed in a vat containing the sodium sulfate 
or magnesium sulfate solution. Care should be taken to prevent loss by flotation if uncov- 
ered containers are submerged. If nested sieves are used, a pan should be inserted between 
sieves to prevent loss of material from one sieve to another. 


(d) Temperature Regulation.—Suitable means for regulating the tem- 
perature of the samples during immersion in the sodium sulfate or mag- 
nesium sulfate solution shall be provided. 

(e) Balances.—For fine aggregate a balance having a capacity not less 
than 500 g., sensitive to at least 0.1 g., shall be used; for coarse aggregate a 
balance having a capacity not less than 5000 g., sensitive to at least 1 g. 
shall be used. 

(f) Drying Oven.—The drying oven shall provide a free circulation of 


air through the oven and shall be capable of maintaining a temperature of 
105 to 110 C. (221 to 230 F.). 


Sodium Sulfate Solution 


3. (a) The saturated solution of sodium sulfate shall be prepared by 
dissolving a c.p., U.S.P., or equal grade of salt in water at a temperature 
of 25 to 30 C. (77 to 84 F.). Sufficient salt (Note), either of the anhydrous 
NaSO,) or of the crystalline (Na2SO,-10H,O) form, shall be added to 
insure not only saturation but also the presence of excess crystals when the 
solution is ready for use in the tests. The mixture shall be thoroughly 
stirred during the addition of the salt and the solution shall be stirred at 
frequent intervals until used. The solution shall be cooled to a temperature 
of 21 C. = 1 C. (70 F. + 2 F.) and maintained at that temperature for at 
least 48 hr before use; it shall be thoroughly stirred immediately before 
use and when used shall have a specific gravity of not less than 1.151 and 
not greater than 1.174. 


Note.—For the solution, 215 g. of anhydrous salt or 485 g. of the decahydrate per 
ter of water are sufficient for saturation at 22 C. However, since these salts are not 
completely stable and since it is desirable that an excess of crystals be present, the use of 
not less than 350 g. of the anhydrous salt or 500 g. of the hydrous salt per liter of water 
1s recommended. 


Magnesium Sulfate Solution 


_ (b) The saturated solution of magnesium sulfate shall be made by 
dissolving a c.p., U.S. P., or equal grade of salt in water at a temperature of 
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806 TEST FOR SOUNDNESS OF AGGREGATES (C 88 - 37 T) 7 


25 to 30 C. (77 to 84 F.). Sufficient salt (Note), either of the anhydrou; 
(MgSO,) or of the crystalline (MgSO,-7H:O) (Epsom Salt) form, shall } 
added to insure saturation and the presence of excess crystals when the 
solution is ready for use in the tests. The mixture shall be thoroughly 
stirred during the addition of the salt and the solution shall be stirred at 
frequent intervals until used. ‘The solution shall be cooled to a tempera. 
ture of 21 C. + 2 C. (70 F. = 4 F.) and maintained at that temperature 
for at least 48 hr. before use; it shall be thoroughly stirred immediatel; 
before use and when used shall have a specific gravity of not less than 1.295 
and not greater than 1.308. 

Notr.—For the solution, 350 g. of anhydrous salt or 725 g. of the heptahydrate per 
liter of water are sufficient for saturation at 23 C. However, since these salts are not 
completely stable, with the hydrous salt being the more stable of the two, and since it is 


desirable that an excess of crystals be present, it is recommended that the hydrous salt be 
used and in an amount of not less than 800 g. per liter of water. 


Samples 


4. (a) Kine Aggregate.—Fine aggregate for the test shall be passed 
through a j-in. sieve. The sample shall be of such size that it will yield 
not less than 100 g. of each of the following sizes, which are available in 
amounts of 5 per cent or more, expressed in terms of the following A.S.T.M. 
sieves: 

Retained on sieve No. 100, passing sieve No. 50 
Retained on sieve No. 50, passing sieve No. 30 
Retained on sieve No. 30, passing sieve No. 16 
_ Retained on sieve No. 16, passing sieve No. 8 
Retained on sieve No. 8, passing sieve No, 4 
Retained on sieve No. 4, passing 3-in. sieve 

(b) Coarse Aggregate-—Coarse aggregate for the test shall consist of 
material from which the sizes finer than the No. 4 sieve have been removed. 
The sample shall be of such a size that it will yield not less than the following 
amounts of the different sizes, which are available in amounts of 5 per cent 
or more: 


No. 4 to j-in. size (square openings)...............220ceeeeeeeeee 100 g. 
3 are 300 g. 
to size (square 1500 g. 
3000 g. 
Larger sizes by 1-in. spread in sieve size, each fraction............. 3000 g. 


(c) Should the samples contain less than 5 per cent of any of the sizes 
specified in Paragraph (a) or (b), that size shall not be tested, but, for the 
purpose of calculating the test results, it shall be considered to have the 
same loss in sodium sulfate or magnesium sulfate treatment as the average 
of the next smaller and the next larger size, or if one of these sizes is absent, 
it shall be considered to have the same loss as the next larger or next smaller 
size, whichever is present. 
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Test FOR SOUNDNESS OF AGGREGATES (C 88 - 37 T) 


Preparation of Test Sample 

5. (a) Fine Aggregate.—The sample of fine aggregate shall be thor- 
oughly washed on a No. 100 sieve and dried to constant weight at a tem- 
perature of 105 to 110 C. (221 to 230 F.) and separated into the different 
sizes by sieving, as follows: 

Make a rough separation of the graded sample by means of a nest of 
the standard sieves specified in Section 4 (a). From the fractions obtained 
in this manner select samples of sufficient size to yield 100 g. after sieving 
to refusal. (In general, a 110-g. sample will be sufficient.) Fine aggregate 
sticking in the meshes of the sieves shall not be used in preparing the samples. 
Samples consisting of 100 g. shall be weighed out of each of the separated 
fractions after final sieving and placed in separate containers for the test. 

(b) Coarse Aggregate-—The sample of coarse aggregate shall be thor- 
oughly washed and dried to constant weight at a temperature of 105 to 
110 C. (221 to 230 F.) and shall be separated into the different sizes shown 
in Section 4 (b) by screening to refusal. The proper weight of sample for 
each fraction shall be weighed out and placed in separate containers for 
the test. In the case of fractions coarser than the 3-in. sieve, the number 
of particles shall be counted. 

(c) Ledge Rock.—For testing ledge rock, the sample shall be prepared 
by breaking it into fragments reasonably uniform in size and shape and 
weighing approximately 100 g. each. The test sample shall weigh 5000 g. 
+2 per cent. The sample shall be thoroughly washed and dried previous 
to test as described in Paragraph (0). 


Storage of Samples in Solution 


6. The samples shall be immersed in the prepared solution of sodium 
sulfate or magnesium sulfate for 18 hr. in such a manner that the solution 
covers them to a depth of at least } in. The containers shall be covered 
to reduce evaporation and prevent the accidental addition of extraneous 
substances. ‘The samples immersed in the solution shall be maintained at 
a temperature of 21 C. + 1 C. (70 F. = 2 F.) for the 18-hr. period. 


Drying Samples After Immersion 


7. After the 18-hr. immersion period the aggregate samples shall be y 


removed from the solution and placed in the drying oven. ‘The tempera- 
ture of the oven shall have been brought previously to 105 to 110 C. (221 
to 230 F.). Care shall be exercised to avoid loss of any of the aggregate 
particles or, in the case of fine aggregate, of any detritus coarser than a 
No. 100 sieve (Note). The samples shall be dried to constant weight at 
the specified temperature. After drying, the samples shall be allowed to 
cool to room temperature, when they shall again be immersed in the pre- 
pared solution as described in Section 6. _—— ne: 
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808 TEST FOR SOUNDNESS OF AGGREGATES (C 88 - 37 T) 


Note.—In the case of coarse aggregate the detritus should also be saved if the complete 
analysis suggested in the Note in Section 9 (b) is made. 


Cycles 

8. The process of alternate immersion and drying shall be repeated 
until the required number of cyclesis obtained. = 
Quantitative Examination 


9. The quantitative examination (Note) shall be made as follows: 

(a) After the completion of the final cycle, and after the sample is 
cooled the sample shall be washed free from the sodium sulfate or mag- 
nesium sulfate as determined by the reaction of the wash water with barium 
chloride (BaCl,). 

(b) After the sodium sulfate or magnesium sulfate solution has been 
removed, each fraction of the sample shall be dried to constant weight 
at 105 to 110 C. (221 to 230 F.); weighed, and, except in the case of ledge 
rock, screened over the same sieve on which it was retained before the test. 
The particles retained on this sieve shall be weighed and the weight recorded. 

Note.—In addition to the procedure described in Paragraphs (a) and (b), it is sug- 
gested that additional information of value will be obtained by examining each fraction 
visually in order to determine if there is any evidence of excessive splitting of the grains. 
It is suggested also that additional information of value will be obtained if, after treating 
each separate fraction of the sample as described in Paragraph (0), all sizes, including 
detritus, shall be combined and a sieve analysis made using a complete set of sieves for the 
determination of the fineness modulus. ‘The results of the sieve analysis shall be recorded 
as cumulative percentages retained on each sieve. 

(c) In the case of ledge rock the loss in weight shall he determined 
by subtracting from the original weight of the sample the final weight of 
all fragments which have not broken into three or more pieces. 


Qualitative Examination 4 


10. (a) Fractions of samples coarser than 2 in. shall be examined 
qualitatively after each immersion and quantitatively at the completion 
of the test. 

(b) The qualitative examination and record shall consist of two 
parts: (1) Observing the effect of the action (Note) by the sodium sulfate 
or magnesium sulfate solution and the nature of the action, and (2) Count- 
ing the number of particles affected. 

Note.—Many types of action may be expected. In general, they may be classified as 
disintegration, splitting, crumbling, cracking, flaking, etc. 
While only particles larger than the ? in. in size are required to be examined qualita- 


tively, it is recommended that examination of the smaller sizes be made in order to determine 
if there is any evidence of excessive splitting. 


Report 


11. The report shall include the following data (Note): 
(a) Weight of each fraction of each sample before test. — 
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(b) Except in the case of ledge rock, material from each fraction of 
the sample, finer than sieve on which fraction was retained before test, 


TEST FOR SOUNDNESS OF 


expressed as a percentage by weight of the fraction. 


(c) Weighted average calculated from the percentage of loss for 
each fraction, based on the grading of the sample as received for examina- 
tion, or preferably, on the average grading of the material from that portion 


of the supply of which the sample is representative. 


AGGREGATES (C 88 - 37 T) 


(d) In the case of particles coarser than { in. before test: _ 


(1) Number of particles in each fraction before test. and 
(2) Number of particles affected, classified as to number 
disintegrating, splitting, crumbling, cracking, flak- 


ing, etc. 


(e) In the case of ledge rock: 


9 (c) and 


disintegrating, 
ing, etc. 


a suggested form for recording test data. 
for either salt, depending on the quality of the aggregate. 


(1) The percentage of loss calculated as described in Section 


(2) The number of pieces affected, classified as to number 
splitting, crumbling, cracking, flak- 


(f) Character of solution (sodium or magnesium sulfate). 


Note.—The following table, shown with test values inserted for purpose of illustration, 
The test values shown might be appropriate 
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Sieve Size Percentage 
Grading of Weight of Passing Finer Weighted 
Passi . per cent ore Test, g est (Actua Jorrect 
sis Retained on per cent Loss) | per cent Loss) 
Sounpness Tzst or Fing AGGReGaTs 
No. 30 26.0 100 4.2 1.09 
25.2 100 4.8 1.21 
17.0 100 8.0 1.36 
Sounpness Test or Coarse AGGREGATE 
45.0 1500° 8.0 3.60 
23.0 300° 9.6 2.20 


* The percentage loss (11.2 per cent) of the next smaller size is used as the percentage loss for this ae sinee this size con- 
5 per cent of the original sample as receiv —— 


‘ain than 


Minimum amounts; larger samples may 


be used. 


ed. See Section 4 (c). 
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TENTATIVE METHOD OF TEST 
FOR 
~GRINDABILITY OF COAL BY THE BALL-MILL METHOD! 


A.S.T.M. Designation: D 408 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1935; REVISED, 1937. 
Scope 


1. This method describes a laboratory procedure for estimating the 
grindability of coal.? Briefly, the relative amounts of energy necessary to 
pulverize different coals is determined by placing a sample of coal in a ball 
mill and finding the number of revolutions required to grind it so that 
80 per cent of the sample passes a 74-micron (No. 200) A.S.T.M. sieve. 


Apparatus 


2. The apparatus for the grindability test shall consist of the following: 

(a) Ball Mill.—A cylindrical steel mill 8 in. in length and 8} in. in 
diameter, inside dimensions, and } in. in thickness shall be used. Three 
steel lifters, each 3’, in. square and 8 in. in length, shall be riveted longi- 
tudinally at 120-deg. intervals to the inside wall of the mill. They shall 
be so fastened that no space is left between the wall and the lifters. The 
lid shall be fitted to the mill by means of a rubber gasket and held securely 
in place by the yoke and crossbar arrangement ordinarily employed with 
laboratory porcelain jar mills. A suitable mill can be made of a section 
of ordinary 8-in. water pipe with a bottom and lid of }-in. steel plate. The 
bottom may be welded to the pipe section. 

(6) Ball Charge.—The charge for the mill shall consist of 100 steel ball 
bearings, each 1 in. in diameter. 


_ Note.—Ball bearings are specified because they are of uniform diameters and smoothly 
polished. 


(c) Rotation of Mill.—The mill shall be rotated in a horizontal position 
about its cylindrical axis at 40 r.p.m. The jar-mill frame used for pulveriz- 


! Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
Committee D-5 on Coal and Coke. ; by 

* For information concerning the experimental work on which this method is based, see the es 
H. F. Yancey, O. L. Furse and R. A. Blackburn, ‘Estimation of the Grindability of Coal, — “In 
Am. Inst. Mining and Metallurgical Engrs., Vol. 108, p. 267 (1934); for further work, see C. G. Bey, ncey 
soo of Procedure for Determination of Coal Grindability by the Ball-Mill Method," and H. P. 4 ions 
and M. R. Geer, “Further Investigation of Methods for Estimating the Grindability of Coal,” Transaction, 
Am. Inst. Mining and Metallurgical Engrs., Vol. 119, pp. 330 and 353 (1936), respectively. 
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ing coal samples for analysis is suitable for this purpose. A revolution-— 
counter shall be used to show the number of revolutions of the mill. 

(d) Sieves.—The following sieves will be required: 1680-micron (No. 
2), 8 in. or more in diameter; and 74-micron (No. 200), 8 in. in diameter 
jor machine sieving and 10 in. in diameter for hand sieving. The sieves 
shall conform to the requirements of the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Designation: E 11) of the American Society 
for Testing Materials.’ 7 = 
Gross Sample 7 

3. A representative gross sample of coal shall be collected and prepared 
in accordance with the Standard Method of Sampling Coal (A.S.T.M. 
Designation: D 21) of the American Society for Testing Materials.* 
Approximately 10 lb. of coal crushed to pass a 4760-micron (No. 4) 


sieve shall constitute the laboratory sample. 
Preparation of Sample | ' 


4. (a) The 10-lb. laboratory sample shall be stage-crushed by smooth- 
faced double rolls* or other suitable crusher* (Paragraph (b)) in such a man- 
ner as to minimize the production of fine sizes. If rolls are used, the 10-lb. 
sample shall be passed in a thin stream through a laboratory-type double- 
roll crusher set with a spacing of } in. between the rolls. ‘The sample shall 
then be divided into two equal parts by riffling and one part discarded. The 
remaining 5-lb. portion shall then be screened on the 1680-micron (No. 12) 
sieve and the oversize passed through the crusher with the rolls set 3% in. 
apart. The crushed product shall be again screened on the 1680-micron 
‘No. 12) sieve and the undersize combined with that previously obtained. 
The oversize now remaining on the 1680-micron (No. 12) sieve shall be 
reduced in size by passing it successively through the crusher with the 
clearance between the rolls set at }, 7g, and 35 in., respectively. Material 
finer than the 1680-micron (No. 12) sieve shall be removed after each crush- 
ing and only the oversize shall be crushed to the next closer roll setting. 
The 5-Ib. lot shall then be thoroughly mixed and divided by riffling into two 
equal parts, one of which shall be set aside as a reserve sample. ‘The other 
part shall be air-dried at room temperature to constant weight and then 
screened on the 74-micron (No. 200) sieve to remove the undersize, which 
shall be discarded. Usually, this undersize product should not exceed 
) per cent. 


(6) If other types of laboratory crushers are used, the 10-Ib. laboratory 


11936 Book of A.S.T.} 
‘Ibid, T.M. Standards, Part II, p. 1413. 


ok Baltzer and H. P. Hudson, “A Method for Rating the Grindability or Pulverizability of Coal, 
Depart, by the Fuel Research Laboratories (F.R.L.), Department of Mines, Canada," Report No. 737-1, 
‘CG of Mines, Mines Branch, Canada (1933). “a ; 
ethod.” 7 Black, Investigation of Procedure for Determination of Coal Grindability by the Ball-Mill 
»’ Transactions, Am. Inst. Mining and Metallurgical Engrs., Vol. 119, p. 330 (1936). 
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_ sample shall be treated as described in Paragraph (a) except as to the ty 
of crusher. 


Test Procedure 


5. (a) A 500-g. sample of the air-dried coal sized between the 163 
-micron (No. 12) and 74-micron (No. 200) sieves (Section 4) shall be obtained 
P by riffling. The charge of 100 balls shall be placed in the mill and th 
_ 500-g. sample added. ‘Then the mill shall be closed and rotated for : 
_ revolutions at a speed of 40 r.p.m. The contents of the mill shall then} 

poured onto a sieve coarse enough to retain the balls but not the coa 
_ The mill and balls shall be brushed to remove the coal. ‘The sample shal 
_ be sieved using either the hand sieving or the mechanical sieving method 
(6) For hand sieving, the product shall be placed on a 10-in., 74-micr 
(No. 200) sieve and shaken until not more than 0.5 g. passes in | min. 
sieving. Certain coals of a sticky nature are difficult to sieve. With such 
_ coals, hand sieving is best done by rocking the sieve back and forth brisk); 
on a table top to break up agglomerates and to prevent clogging of th 
openings. 

(c) For mechanical sieving, the product of the ball mill shall be divided 
into two or more approximately equal parts and each part shall be placed 
on an 8-in. 74-micron (No. 200) sieve, each provided with a pan. The 
_ sieves shall then be shaken for 10 min. in the sieving machine, after which 
f the sieves shall be removed from the pan and the underside of each carefully 
cleaned with a 1-in. bristle brush in such a manner that any coal removed 
; falls into the pan. The sieves and pans shall then be returned to the 
_ sieving machine for an additional 5-min. period of sieving. 

(d) After sieving, the total undersize shall be weighed and the number 
_ of revolutions of the mill required to increase the weight of the undersize to 
_ 50 g. shall be calculated by direct proportion. This number of revolutions 

constitutes a “cycle.” Both the oversize and the undersize shall be 
returned to the mill and it shall be rotated for the additional number o! 
revolutions required to complete the cycle. Again the mill shall be removed 

7 _ from the frame and the contents screened on the 74-micron (No. 200) sieve 
as before. The undersize product including the loss, which usually ranges 

i from 1 to 3 g. and is assumed to belong to the undersize, shall weigh between 
45 and 55 g. ‘These operations comprise the first cycle. For the second 
cycle the oversize only shall be returned to the mill and ground for the 
_number of revolutions previously found necessary to give approximately 
10 per cent of undersize. The material finer than the 74-micron ( No. 200) 
sieve shall be removed as before. ‘The same procedure of alternate milling 
of the oversize and removal of the undersize shall be continued with the 
same number of revolutions per cycle until at least 80 per cent or 400 g. of 
the original sample passes the 74-micron (No. 200) sieve. The end point 
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Test FoR GRINDABILITY OF Coat (D 408-37 T) 813 
of the test shall be considered as the number of revolutions of the mill 
required to grind exactly 80 per cent of the original sample to pass the 
74-micron (No. 200) sieve. This exact number of revolutions shall be 
determined by interpolation. 


Number of Tests 

6. Duplicate tests shall be made. In the second test the preliminary 
step taken in the first test to determine the number of revolutions necessary 
to give 50 g. of undersize shall be omitted. The number of revolutions 
per cycle shall be the same in both tests. 


Reproducibility of Results 
7. In duplicate tests made in the same laboratory the number of 
revolutions required shall agree within 4 per cent. 


Expression of Results a 


8. Results shall be expressed as the average number of revolutions 
required to grind 80 per cent of the sample to pass the 74-micron (No. 200) 
sieve or as follows: 


50,000 
Ball-mill grindability index, per cent = ; _ 


Average number of revolutions 
Rapid Control Modification 


9. For control work on coals having grinding characteristics that have 
been determined by complete tests, or for large-scale investigations, it shall 
be considered permissible to shorten the method by taking the endpoint as 
the number of revolutions required to grind 40 per cent or 200 g. of the 
original sample to pass the 74-micron (No. 200) sieve. When the shortened 
procedure is used the results shall be expressed in terms of 80 per cent or 
400 g. passing the 74-micron (No. 200) sieve by extrapolation from the 
number of revolutions of the mill required to grind 40 per cent of the sample 
to pass the 74-micron (No. 200) sieve. Extrapolation shall be made by 


the following formula: 
R=(2+X)N+Y 


where V = the number of revolutions of the mill required to grind 40 per 
cent of the sample to pass the 74-micron (No. 200) sieve, and 
the calculated number of revolutions required to grind 80 
per cent of the sample to pass the 74-micron (No. 200) sieve. 
The proper values of X and Y to give the correct value of R shall be 
determined by the operator’s knowledge of the grinding characteristics of 
the coal. For many coals X has the value 0.055 and Y equals 47. 
_ Results of shortened tests shall be clearly designated “Ball-mill 
grindability index by rapid control modification.” 


ee For information concerning these constants, see discussion by H. L. Brunjes of paper on ‘Further In- 
my of Methods for Estimating the Grindability of Coal,” by H. F. Yancey and M. R. Geer, Trans- 
. . Inst. Mining and Metallurgical Engrs., Vol. 119, p. 371 (1936). 
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APPENDIX 
_ Approximate conversions of ball-mill grindability indexes into Hardgrove grini 
ability indexes, as determined by the Tentative Method of Test for Grindability 
Coal by the Hardgrove-Machine Method (A.S.T.M. Designation: D 409-37 7 
of the American Society for Testing Materials,! may be made by means of a cur 
plotted from equivalent values, as follows: 


GRINDABILITY INDEX, EQUIVALENT Harpcrove GR 
PER CENT GRINDABILITY Inpex 


According to available data, this conversion of ball-mill grindability indexes Sc 


into Hardgrove grindability indexes should be accurate to approximately +3 units 
for coals having ball-mill grindability indexes ranging from 25 to 50. Sufficient 
data are not available to determine the accuracy of conversion for coals falling out- 
side this range. 


1 See p. 815. 
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TENTATIVE METHOD OF TEST 
FOR 
GRINDABILITY OF COAL BY THE HARDGROVE-MACHINE 


A.S.T.M. Designation: D409-37T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Issuep, 1935; REVISED, 1937. 
Scope 


1. This method? is used to determine the relative grindability or ease 
of pulverizing of coals in comparison with a coal chosen as 100 grindability. 
The method is based on Rittinger’s Law, which states: ‘‘ The work done in 
pulverizing is proportional to the new surface produced.” A prepared 
sample receives a definite amount of grinding energy in a miniature pul- 
verizer and the new surface is determined by sieving. 


2. The snpnntes for the grindability test shall consist of the following: 

(a) Grindability Machine.—A grindability machine such as is shown in 
Fig. 1 is required for this test. The eight 1-in. balls roll on a stationary 
ring and are driven from above by a rotating ring. The action of the rolling 
balls causes an increase in the surface of the sample being tested. A defi- 
nite pressure of 64 lb. + 3 Ib. on the balls is obtained by the weights, shaft, 
top grinding ring and gear. A predetermining counter is used to stop the 
motor automatically as soon as the vertical shaft of the grindability machine 
las made exactly 60 revolutions. 

(b) Sieves—The following sieves will be required: 1190-micron (No. 
16), 590-micron (No. 30), and 74-micron (No. 200). The sieves shall con- 
lorm to the requirements of the Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designation: E 11) of the American Society 
for Testing Materials.* 

(c) Mechanical Sieving Device—A mechanical sieving device is desir- 
able, although not necessary. If a mechanical sieving device is not avail- 


1 Under the standardisation procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
Committee D-5 on Coal and Coke. 


Hard For information concerning the experimental work on which this method is based, see paper by 
igrove, *Grindability of Coal," Transactions, Am. Soc. Mechanical Engrs., Vol. 54, F.S.P., p. 37 (982). 
1936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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Fic, 1.—Hardgrove Grindability Machine 
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able, it will be necessary to give the sample an equivalent amount of hand — 
sieving. 

a Balance.—A triple beam balance having a sensitivity of 1 cg., and 
with which weighings from 1 cg. to 111 g. can be made, is well adapted for 
this test. However, a torsion or trip balance with suitable pan, and of the | 
specified sensitivity may be used. Greater sensitivity than 1 cg. is not 
necessary for this test. 

(e) Laboratory Crusher.—The sizing of the sample to be placed in the 
srindability machine shall be such that it will pass the 1190-micron (No. 
16) sieve, and remain on the 590-micron (No. 30) sieve. In order to break 
up the coarser particles of the sample being prepared for test, a laboratory 
crusher or a coffee mill will be found desirable. The use of such a device 
allows the reduction of the coarser particles without the production of 
excess fine material. 


3. A representative gross sample of coal shall be collected and prepared 
in accordance with the Standard Method of Sampling Coal (A.S.T.M. 
Designation: D 21) of the American Society for Testing Materials." 


Preparation of Sample 


4. An air drier and a riffle sampler, as described in Section 1 (a) and (A), 
respectively, of the Standard Methods of Laboratory Sampling and Analysis 
of Coal and Coke (A.S.T.M. Designation: D 271) of the American Society 
for Testing Materials,? or equivalent are desirable in preparing the sample. 
The laboratory sample, after air drying until the loss in weight is not more 
than 0.1 per cent per hour, shall be placed on the 1190-micron (No. 16) 
sieve nested with a 590-micron (No. 30) sieve and bottom pan. The sieves 
shall be shaken by a mechanical sieving machine for approximately 2 min., 
or given an equivalent amount of hand sieving. The material remaining on 
the 1190-micron (No. 16) sieve shall be put into a laboratory crusher or a 
coffee mill in which the set screw has been adjusted so that the coarsest 
particles are broken up. The sample after passing through the laboratory 
crusher or coffee mill shall be returned to the 1190-micron (No. 16) sieve 
of the nest of sieves and again shaken by the mechanical sieving machine 
or hand sieved. This operation shall be repeated several times until the 
‘ntire sample has passed through the 1190-micron (No. 16) sieve. The 
material remaining on the 590-micron (No. 30) sieve shall then be shaken 
to thoroughly remove any material smaller than this size. All material 
passing the 590-micron (No. 30) sieve shall be discarded. By using this 
method of preparing the sample, a minimum of fines is produced. 


: - Book of A.S.T.M. Standards, Part II, p. 382. 
Supplement to Book of A.S.T.M. Standards, p. 153. 
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_ Operation of Grindability Machine 


4 
1 


5. The predetermined counter shall be set so that the machine yjj 


automatically stop after 60 revolutions have been completed. To insu, 


stoppage of the machine within one quarter of one revolution, two tripper 
are furnished. One tripper is fixed, and the other may be set to correspond 
with the coasting of the machine after the switch is opened. Therefore 
the number of counts on the counter will be 120, or just twice the number 


_of revolutions made by the machine. The grinding elements shall be thor. 


oughly cleaned by brushing before the sample to be tested is added. The 
eight 1-in. diameter balls shall be placed in the bottom of the lower grinding 
element and 50 g. of the prepared No. 16 to No. 30 size sample shall be dis. 
tributed evenly over the balls. Any material falling on the elevated section 


of the lower grinding element shall be brushed towards the balls. The 


| 


upper grinding element shall then be placed on the balls and the lower 
end of the shaft shall be fitted to the square opening in the disk and the 
grinding elements securely fastened in place by two thumb screws on the 
sides of the lower grinding element. Care shall be taken to pull the bowl 
up evenly with the thumb screws. ‘The set screw on the collar which 
supports the driving gears shall always be kept tight, otherwise the weights 
will rest on the frame and there will be no pressure on the balls. The pre- 
determining counter shall be set to zero, and the starting switch closed. 
After the machine has been automatically stopped, the sample shall be 
transferred to the 74-micron (No. 200) sieve. ee 


Sieving 


6. The 74-micron (No. 200) sieve shall be shaken by a mechanical 
sieving machine for 10 min., or given an equivalent amount of hand sieving. 
The sieve shall then be removed and the underside carefully cleaned witha 
1-in. bristle brush in order to remove any adherent material. ‘The sample 
shall then be shaken by the mechanical sieving machine for 5 min. more or 
given an equivalent amount of hand sieving, after which the brushing of the 
underside of the sieve shall be repeated. After an additional 5 min. 0! 
sieving, the material is ready for weighing. A total of 20 min. of mechanical 
sieving, or an equivalent amount of hand sieving, should result in a com 


paratively clean sieve. 7 


Weighing the Sample 


7. Coals having a high residual moisture content (this is especially true 
of lignites) lose some of their residual moisture when in a pulverized con- 
dition. For this reason rapid and fairly accurate weighing is essential. 
The material passing through the 74-micron (No. 200) sieve shall be dis 
carded and the material retained on the sieve shall be weighed to within 
0.1 g. and the weight recorded. Oo 
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Calculation of Results 


e wil g. The grindability index shall be calculated from the following 


ation: 
7 Hardgrove grindability index' = 13 + 6.93 W 
spond where W = the weight of material passing the 74-micron (No. 200) sieve, 


efore determined from the weight of the original sample (50 g.) 
maber 7 minus the weight of the material retained on the 74-micron 
(No. 200) sieve. 


thor- 
The Reproducibility of Results 
nding 9. The permissible variation between two or more determinations shall 
dis not exceed the following: 
ction 


PER CENT | 


d the — 
bowl 
which Approximate conversions of Hardgrove grindability indexes into ball-mill grind- 
sights ility indexes, as determined by the Tentative Method of Test for Grindability of 


il by the Ball-Mill Method (A.S.T.M. Designation: D 408 - 37 T) of the American 


4 Society for Testing Materials,2 may be made by means of a curve plotted from 
losed. juivalent values, as follows: 
il be EQUIVALENT BALL-MILL 
HARDGROVE GRINDABILITY 
NDABILITY INDEX PER CENT 
yf the According to available data, this conversion of Hardgrove grindability indexes 
n. of into ball-mill grindability indexes should be accurate to approximately +3 units for 
nical als having Hardgrove grindability indexes ranging from 35 to 70. Sufficient data 
rei fe not available to determine the accuracy of conversion for coals falling outside 


this range. 


: “wes calibration of the machine may be checked by running samples of low volatile run-of-mine bituminous 
tom the Jerome Mine, Upper Kittanning Bed, Somerset County, Pa. The average of three tests should 
a Hardgrove grindability index of 100 + 2. 


\Ad 

true 
con- 
ntial. 
» dis- | 
| | 


@ 


‘TENTATIVE METHOD OF DROP SHATTER TEST FOR COAL: 
A.S.T.M. Designation: D 440 - 37 T - insi 


‘This is a Tentative Standard and under the Regulations of the Society is subject t 
_ annual revision. Suggestions for revision should be addressed to the Headquarters of the the 
‘Society, 260 S. Broad St., Philadelphia, Pa. aor abo 


IssuED, 1937. 
Scope 

: 1. (a) This method of drop shatter test for coal is intended for measur. 

ing the relative size stability, and its complement the friability, of lump 
coal. It affords a means of indicating the ability of coal to withstand 
breakage when subjected to handling at the mine and during its transit 
to the consumer. The method of test is considered applicable for testing 
both a standard size of different coals and for testing different sizes of the 
same coal, 2 to 3 in. being recommended as the standard size for testing 
different coals. ‘The method includes separate procedures for, (a) testing 
the 2 to 3-in. standard single size, and (b) a supplementary method for 
other single sizes and for mixed sizes of the same coal (see Section 9 and 
Explanatory Note 1). 

(b) The method appears best suited for measuring the relative resist- 
ance to breakage of the larger sizes of lump coal when handled in thin 
layers such as from loader to mine car, from loading boom to railroad car, 
from shovel to chute, etc. While it may not be so well adapted for measur- 

_ ing the liability to breakage of coal when handled in mass, as in unloading 
open-bottom cars, emptying bins, etc., it is believed that the method of 
test and particularly the supplementary method will serve to indicate the 
relative size stability of composite sizes of coal where, in commercial hand- 

_ ling, the smaller sized particles and lumps have a cushioning effect which 
tends to lessen the breakage of the larger lumps of coal. 


Method of Test for 2 to 3-in. Coal as Standard Size 1 \ 
Shatter Test Machine 

2. The shatter test machine, which is the same as that described and t 
- Hitustrated in the Standard Method of Shatter Test for Coke (A.S.T.M. : 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. P 
Committee D-5 on Coal and Coke. ' 

2 For information concerning the development and utilization of this drop shatter test method for coal 
the following references may be consulted: 

C. M. Smith, “An Investigation of the Friability of Different Coals,’’ University of Illinois, Engineering 
Experiment Station, Bulletin No. 196 (1929); “The Friability of Illinois Coals,” University of Illinois, 
Bapertmont Station, Bulletin No. 278 (1930). 

H. F. Yancey and R. E. Zane, “Comparison of Methods for Determining the Friability of Coal,” U. S. 
Bureau of Mines, Report of Investigations 3215 (1933). | 

R. E, Gilmore, J. H. H. Nicolls and G. P. Connell, ‘“‘Coal Friability Tests,” Canadian Department of 
Mines, Mines Branch, No. 762 (1935). 
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Designation: D 141) of the American Society for Testing Materials,' 
shall consist of a box 18 in. in width, 28 in. in length, and approximately 
15 in. in depth, supported above a rigidly mounted cast-iron or steel plate, 
AL! not less than } in. in thickness, 38 in. in width, and 48 in. in length. The 
inside of the bottom of the box shall be 6 ft. above the plate. The bottom 
of the box shall consist of two doors hinged lengthwise and latched so that 
me they will swing open freely and not impede the fall of the coal. Boards 
about 8 in. in height should be placed around the plate so that no coal is 
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Side Elevation. End Elevation. 


; Fic. 1.—Shatter Test Machine. 


lost. To prevent the breakage of coal, which may occur while placing the 
sample in the box, the box shall be constructed so that it can be lowered 
and to a convenient level; this is best done by means of a pulley and counter- 
‘M. weight. A convenient form of shatter test machine is shown in Fig. 1. 


Screens 

__ 3. Round-hole screens having 3, 2, 14, 1, 3, and }-in. diameter open- 
inom, ings shall be used. These screens shall conform to the Standard Specifica- 
U.S. tions for Round-Hole Screens for Testing Purposes (A.S.T.M. Designation: 
E17) of the American Society for Testing Materials.? Frames for the 
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screens may be of either hardwood or metal, and may be square, rectangular 
or circular. A nest comprising all the screens in the series, with 2-{ 
square plates, that is, of 4-sq. ft. area, is to be recommended, although 
plates with areas of 6 to 9 sq. ft., either rectangular or square, are suitable. 


Collection of Gross Sample 


4. The gross sample shall be obtained in accordance with Sections 4 
and 5 of the Tentative Method of Test for Screen Analysis of Coal (A.S.T.M. 
Designation: D 410-35 T) of the American Society for Testing Materials! 
In order that the entire quantity of the coal sampled will be represented 
proportionately in the gross sample, increments shall be regularly and 
systematically collected. When testing lump coal as mined, the sample 
shall be taken at the mine before it is subjected to screening and to loading 
into cars at the tipple. When testing coals subsequent to mining, the 
sample may be taken at any stage in the transportation from the mine to 
the place at which it is to be used. For the correct interpretation of the 
shatter test results, especially if the coal tested has been subjected to 
weathering, the elapsed time since mining as well as a record of the handling 
and storage of the coal shall be noted. 


Preliminary Screening and Preparation of 2 to 3-in. Size 


5. Using the screens designated in Section 3, a preliminary screening 
of a representative portion, or all, of the gross sample shall be made 
and the screen sizes retained separately. Successive representative 
portions of the gross sample shall be screened to obtain at least 125 |b. of 
the 2 to 3-in. size desired for test. In cases where difficulty is experienced 
in screening out this quantity, the amount obtained by the preliminary 
screening may be augmented from larger lumps, either by breaking them 
with a hammer or by dropping them in the shatter test apparatus. The 
obtaining in this way from larger lumps of an adequate quantity of a 
particular size selected for test is especially applicable to freshly mined 


lump coal. 


Rescreening of Samgie for Test 


6. The total quantity of the 2 to 3-in. size, obtained as described in 
Section 5, shall be thoroughly mixed and then rescreened to pass the 3-in. 
screen and be retained on the 2-in. screen. Only a thin layer of coal shall 
be placed on the screen so as to allow the pieces to be in direct contact 
with the screen openings. Individual pieces of coal not passing readily 
through either of the screens shall be tried by hand to see if they will pass 
through the openings in any position without forcing. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 863 (1935); also 1937 Book of A.S. T.M. Tenta- 
tive Standards, P- 628. 
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Procedure 50-Ib. Sample Dropped Twice 
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7. (2) A 50-lb. portion of the coal sample prepared in accordance 
with Sections 5 and 6 shall be given two drops. The coal shall be placed 
in the box of the shatter test machine, the coal leveled, and then dropped 
a distance of 6 ft. onto the plate. All the coal on the plate shall be care- 
fully returned to the box and again dropped. After the second drop the 
material shall be successively run through the screens specified in Section 3. 
In screening, care shall be taken to prevent further breakage of the coal. 
The screening shall be carried out in such small increments as to permit 
satisfactory contact between the individual pieces of coal and the screen. 
On the three larger screens, 2, 13, and 1 in., individual pieces of coal not 
readily passing through the screens shall be tried by hand to see if they 
will pass through the openings in any position without forcing. When 


TABLE I. 
ScREEN ANALYsIS OF CoAL UsinG Rounp-HoLe ScREENS 
AVERAGE OF Propuct 
7 7 WEIGHT, WEIGHT, SCREEN OPENINGS OF 
RETAINED _ RECORDED, PER CENT INCHES Factor 
oN PASSING LB. (1) (2) (3) (1) X 
Sample: 
Dropped Coal: 
33 (66.0 2.500 1 66.000 
64 12.5 1.750 0.7 8.750 
4 8.0 1.250 0.5 4.000 
Total (Sum of products (1) X (3) for dropped coal) ...........-+--eeeeees 81.425 = s 
100 Ss 100 > 
Size stability, per cent = =8! 


To be reported as: Size stability, 81.5 per cent. 
(Friability, per cent, would be: 100 — 81.5 = 18.5.) 


using the screens with 3-in. openings and smaller, the coal shall come 
into intimate contact with the screen either by shaking or rolling by hand 
without up-ending the individual lumps. 

(b) The coal remaining on each screen, and that which passes through 
the bottom screen shall be weighed either separately or in cumulative 
portions, on a scale sensitive to } lb. or less. By the cumulative portion 
method the largest 2 to 3-in. sized lumps shall be weighed into a tared 
container, which container shall then be reweighed after addition of the 
successive individual smaller screened sizes of dropped coal. If the final 
net weight so obtained, or the sum of the separate weights, shows a loss 
of over | per cent, the test shall be rejected and another made, the loss in 
each case to be included in the percentage passing the }-in. screen. At 
least two tests shall be made to obtain size stability results agreeing within 
2 per cent. When three or more tests are considered advisable and are 
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made, all the results within a maximum to minimum limit of 3 per cent 
may be averaged. 


Reporting of Results 


8. The percentage weight screen analysis shall be reported to the 
nearest 0.1 per cent, and the percentage size stability to the nearest 0.5 
per cent (Note). 

Note.—A numerical example of tabulating the results and of calculating size stability, 
per cent, is shown in Table I, where the average of the screen size openings limiting the 


different sizes is expressed to the nearest 0.005 in. ‘The data shown are for a typical 
medium friable coal. 


Supplementary Method of Test for Other “Single” Sizes and ‘‘ Mixed” Sizes 
Scope 


9. This supplementary method is applicable to both single sizes other 
than the 2 to 3-in. standard size and to mixed sizes of coal. By single 
sizes are meant those with fixed limits of retaining and passing screen 
openings and by mixed sizes are meant either slack coal or a mixture of 
two or more single sizes (see Explanatory Note 1). 


Shatter Test Machine 


10. The shatter test machine to be employed shall be that described 
in Section 2. 


Screens 


11. The list of screens specified in Section 3 shall be supplemented by 
screens having %, {, and }-in. diameter openings for testing coal smaller 
than the 2 to 3-in. standard size. For larger lumps of coal other screens 
or rings with 4, 6, and 8-in. openings shall also be used. 


Collection of Gross Sample 


12. The gross sample of coal shall be obtained in accordance with 
Section 4. 


Preparation of Sample 


13. The sample of coal for test shall be prepared in accordance with 
Sections 5 and 6. For slack coals and mixed sizes the sample shall be 
carefully prepared either by process of quartering or by reassembling the 
different sizes in the proportion obtained in the preliminary screening of 
the lot of coal to be tested. For 3-in. and smaller size slack coals, quarter- 
ing is satisfactory, while for larger size slack coals and for blends of two 
or more single sizes the latter reassembling method is recommended. 
Before dropping, the sample shall be rescreened on the same series of screens 
selected for screening the dropped coal. 
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Procedure 


the 2 to 3-in. standard size and for mixed sizes shall be essentially the same 
as outlined in Section 7. When testing sizes larger than 2 to 3 in., the 
screens to be used for the dropped coal shall be selected from the list shown 
in Section 15 down to and including the screen with 3-in. openings.. The 
screens with 3, }, and }-in. openings are optional and supplementary for 
testing samples smaller in size than { in. When testing the larger size 
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14. The procedure for testing 50-lb. samples of single sizes other than 


3 


lumps it is recommended that after dropping two individual 50-lb. samples 
twice, as required, the screen analysis may be made on 100 |b. of dropped 
coal instead of screening each 50 lb. separately. In each case the result 
shall be checked by dropping and screening a second two lots of 50 Ib. each, 
provided sufficient sample is available. This variation in procedure is 
specially recommended for lumps larger than 8 in., for which size it is 
advisable that as many as ten lots of approximately 50 lb. each be tested 


and the average result reported. 


Reporting of Results 


15. The percentage weight screen analysis shall be reported to the’ 
nearest 0.1 per cent and the size stability per cent to the nearest 0.5 per cent. 
The method of recording and calculating the results may follow the nu- 
merical example shown in Section 8, altered to suit the particular size 
tested, or may be in accordance with the tabulated form shown below: © 


ScREEN ANALYSIS OF COAL BEFORE AND AFTER AVERAGE OF Propuct oF WEIGHT 

Test (Two Drops) RounD-HOLE SCREENS SCREEN PERCENTAGE AND OF 
WEIGHT, PER CENT SIZE SCREEN OPENINGS 

BEFORE AFTER OPENINGS, BEFORE AFTER 

RETAINED ON PASSING TEST TEST INCHES TEsT TEST 


3.500 
1.750 
1.250 
1 in. 0.875 
0.315 
total passing in. 0.185 
Total 
‘Average size of coal before and after test (2 drops)............. (S) 
100 
Size stability, per cent = 


a : (Friability, per cent, will be 100—size stability, per cent.) 
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EXPLANATORY NOTES 


Note 1.—When reporting the results of the drop shatter test it shall be clearly stat 
to which single size or mixed sizes of coal the size stability, per cent, applies, whether to; 
2 to 3-in. standard size or to other larger or smaller sizes. ‘The following form may ger 
as a guide. 


STABILITY, 


Size DESIGNATION OF SAMPLE PER CENT 


Single sizes larger than standard. 


Single sizes smaller than standard { 1 to 1} in 


Mixed sizes 


Note 2.—For drop shatter tests on the single sizes in addition to the size stabilit 
per cent, the percentage passing the screen with the j-in. openings may be reported tot 
nearest whole per cent as the ‘‘slack index" to indicate the comparative slack producing 
characteristics of the particular size of the coal tested, for example: Size stability, per cent, 
of 2 to 3-in. lumps ; with slack index of 
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TENTATIVE METHOD OF TUMBLER TEST FOR COAL!? 
A.S.T.M. Designation: D 441 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 

ISSUED, 1937. 

Scope 

1. This method of tumbler test for coal is intended for determining — 
the relative friability of a particular size of lump coal. It affords a means 
of measuring the liability of coal to break into smaller pieces when sub- 
jected to repeated handling at the mine, or subsequently by the distributor 
or by the consumer. It also may serve to indicate the relative extent to 
which lump coals will suffer size degradation in certain mechanical feed 
devices. Furthermore, the test may be employed for differentiating 
between certain ranks and grades of coal, and hence be of service for coal 


Porcelain Jar Tumbler 

2. The tumbler shall consist of a cylindrical porcelain jar of uniform 
dimensions, 7 in. in depth and 7} in. in diameter, inside measurements, 
such as is employed for pulverizing coal samples for analysis. The jar 
shall be fitted inside with an iron frame with lifting shelves constructed as 
shown in Fig. 1. The two rings, a, shall be 7} in. in outside diameter and 
shall be made of 3 by }-in. iron. The three ledges or shelves, 6, 6} by 3 
by ¢ in., shall be attached radially to the rings by means of small brackets, 
¢, the ends of the shelves being flush with the outer edges of the rings. 
The shelves shall be attached so that there will be $-in. clearance between 
their outer edge and the outside of the ring. Rivets, not bolts, shall be 


used in constructing the frame. As the jars available commercially are 
not of absolutely uniform size, the measurements of the frame may be 


‘Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
mittee D-5 on Coal and Coke. 


* For information concerning the development and utilization of this tumbler test method for coal, the 
wing references may be consulted: 


J. H. H, Nicolls, “Friability Tests on Various Fuels Sold in Canada,” Paper II, Canadian Department 
lines, Mines Branch, No. 644 (1926). 
dE, Lavine, A. W. Gauger and C. A. Mann, “Studies in the Development of Dakota Lignite,"” Industrial 
; ctinesring Chemistry, Vol. 22, No. 12, p. 1360 (1930). 
x. E. Lawall and C, T. Holland, ‘‘Some Physical Characteristics of West Virginia Coals," Am. Inst. 
ng and Metallurgical Engrs., Coal Division, Vol. 101, p. 100 (1930). 
hoo ae Yancey, K. A, Johnson, and W. A. Selvig, “Friability, Slacking Characteristics, Low Temperature 
nization Assay and Agglutinating Value of Washington and Other Coals," U. S. Bureau of Mines, 
nical Paper No. 512 (1932) 


Bureau Wancey and R. E. Zane, ‘‘Comparison of Methods for Determining the Friability of Coal,” U. S. 
ur R of Mines, Report of Investigations 3215 (1933). 


R. E. Gilmore, J. H. H. Ni an 
Mines, Mines mas No. inn G. P. Connel], “Coal Friability Tests," Canadian Department of 
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; slightly varied to suit individual cases. The frame shall be fixed inside the t 

the jar, by means of wedges between the rings and the inside wall of the the p 
jar, so that its axis shall coincide as nearly as possible with the axis of th lower 
jar, and so that the frame will rotate with the jar. The jar shall be closed 
by a set-in porcelain lid, resting upon a heavy rubber gasket, and sealed —_ 
tightly according to the customary procedure with such jars, that is, by 
means of a bolt working against the lid. The bolt shall be set in a crossbar 15 a 
the ends of which shall be held by a metal strip which fits around the body scree 


of the jar. For tumbling, the jar shall be laid in a horizontal position, 
in a suitable support or rack and rotated about its cylindrical axis at the 
rate of 40 r.p.m. The assembled apparatus is illustrated in Fig. 2. 


s 


6-- 


Fic. 1.—Steel Frame Used in Jar Mill. 


ing 
Optional Iron Jar Tumbler No 
3. An iron jar may be substituted for the porcelain jar specified in cat 
Section 2, providing it has approximately the same internal dimensions, the 
namely, 7} in. in diameter by 7} in. in depth. A jar constructed of cast me 
iron is recommended, the interior of which shall be machined to the required Co 
internal dimensions. For making it sufficiently light for lifting, the Jar 
may have a wall thickness of not less than } in., except at each end. It's Se 
recommended that the lid, the rubber gasket, and the metal strip which St 
passes from the bottom up the outside of the jar to serve in holding in place Ay 


: the crossbar above the lid, be similar in design with those for the porcelain 
jar. The wall of the iron jar for a distance of approximately | i. from 


| 
| 


smh 
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the top shall have a thickness of at least } in. to correspond with that of | 
the porcelain jar; and in order that the intel strip may fit evenly, the 
lower inch of the wall should also have a thickness of not less than } in. 


Screens (or Sieves) 

4. (a) For sizing the sample for test, square-mesh screens having 
1.5 and 1.05-in. actual openings between the wires shall be used. These 
screens may be fitted into frames, 12 by 30 in. or larger. 

(b) For screening the coal after tumbling, square-mesh screens or 
sieves having 1.05, 0.742, 0.525, 0.371, 0.0469, and 0.0117-in. actual open- — 


Fic. 2.—Tumbler Test Apparatus. 
On the bench are shown typical jar mills in which the three- 
vane iron frames are fitted, together with a set of 8-in. diameter 
screens and a 1000-g. charge of 1.05 to 1.5 in. lumps of coal. The 
jar to the left is one of the regular porcelain jars, and that to the 
right an optional iron jar. 
ings between the wires shall be used, the last two sieves being No. 16 and 
No. 50 of the U.S. standard sieve series conforming to the Standard Specifi- 
cations for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of. 
the American Society for Testing Materials. For this purpose, round, 
metal-framed screens 8 in. in diameter are suitable. 


Collection of Gross Sample 


5. The gross sample of coal shall be obtained in accordance with 
Sections 1 to 4, inclusive, and the directions preceding Section 1, of the 
Standard Method of Sampling Coal (A.S.T.M. Designation: D 21) of the 
American Society for Testing Materials.” 


A.S.T.M. Standards, Part II, p. 1413. 
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Preparation of Sample 


6. (a) Using square-hole screens with 1.05 and 1.5-in. openings, a 
preliminary screening of a representative portion, approximately 100 |b 
of the gross sample shall be made. 

(b) Should the preliminary screening (Paragraph (a)) indicate that 
the lumps are mostly smaller than 1.5 in., successive representative por- 
tions of the gross sample shall be screened until at least 25 Ib. of the 1.05 
to 1.5-in. lumps are obtained. 

(c) Should it be found that most of the lumps obtained by the pre- 
liminary screening (Paragraph (a)) are larger than 1.5 in., screening of 
representative portions of the gross sample shall be conducted until at 
least 50 lb. of the screened material remaining on the 1.05-in. screen are 
available. The lumps so obtained that are larger than 1.5 in. shall then 
be broken with a hammer until they pass the 1.5-in. screen, avoiding 
as much as possible the production of lumps smaller than 1.05 in. Should 
the combined weights of the 1.05 to 1.5-in. size, obtained by screening 
before and after hammer breakage of the larger lumps, be less than the 
required 25 lb., the amount shall be augmented by further screening and 
breakage of additional representative portions, or the remainder of the 
gross sample, care being taken to discard all lumps in which noticeable 
cracks have developed by hammer breakage. Care shall also be taken to 
provide lumps covering the whole range of the 1.05 to 1.5-in. size in both 
the 25-lb. composite sample, and in each 1000-g. sample taken for test as 
in Section 8. This may be accomplished by the use of a 1.25-in. screen 
to see that approximately half of the weight of the lumps comprising these 
samples will be between 1.05 and 1.25-in. and half between 1.25 and 1.50-in. 


Rescreening of Sample for Test 


7. The total quantity of the 1.05 to 1.5-in. size, obtained as described 
in Section 6, shall be thoroughly mixed and then rescreened to pass the 
1.5-in. screen and be retained on the 1.05-in. screen. Only a thin layer 
of coal shall be placed on the screen so as to allow the pieces to be in direct 
contact with the screen openings. Individual pieces of coal not passing 
readily through the screen shall be tried by hand to see if they will pass 
through the openings in any position without forcing 
Procedure 


8. Approximately 1000 g. of the coal sample prepared in accordance 
with Sections 6 and 7 shall be weighed and placed in the jar, and the jar 
rotated in the tumbler test machine at 40+1 r.p.m. for 1 hr. In order to 
standardize the time of tumbling, a revolution counter should be used, 
either periodically or as permanent accessory equipment to the machine, 
to ensure that the total number of revolutions during a test is approx 
mately 2400. After tumbling, the coal shall be thoroughly graded as to 
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size upon the screens and sieves designated in Section 4. The screening 
shall be carried out in such small increments as to permit satisfactory 
contact between the individual pieces of coal and the screen. On the two — ‘ile 
larger screens, 1.05 and 0.742 in., individual pieces of coal not readily  - 
passing through the screens shall be tried by hand to see if they will pass — 
through the openings in any position without forcing. Screening may be > 
carried out either by hand or mechanically, though the former method is © 
preferable. At least four single-jar tests shall be made, and, provided 
sufficient sample is available, it is recommended that two or more four-jar 

tests be made. When only four single-jar tests are made, the contents __ 
of each jar shall be screened separately in order to be sure that there is : 
satisfactory agreement between the results obtained. When two or more 

four-jar tests are made the contents of the four jars from each set may be 

mixed and screened together. The weighings shall be made on a balance 

sensitive to 1 g. ee 


Reporting of Results as Friability, Per Cent 


9. The results of test shall be reported to the nearest 0.5 per cent as 
friability, per cent, which is the percentage reduction in average size of the 
coal during the tumbling test (Note). 


Note.—A numerical example of the method of calculating friability is given in tabular 
form below, where the average of the openings of the retaining and passing screens is 
expressed in inches to the nearest 0.001 in. The data shown are for a typical, medium 
friable coal. It is from the average of the screen openings that the approximate relative 
size factors, shown as column (3), are derived. In the column to the extreme right S 
represents the average size of the coal lumps before tumbling and s the average size of the 
— coal, the value for S being arbitrarily chosen as 100 times its corresponding size 
actor. 


ScREEN ANALYSIS OF CoAL UsinG SQUARE-HOLE SCREENS _ 
AVERAGE OF 
WEIGHT, SCREEN OPENINGS Propuct 
RETAINED it PER CENT INCHES Factor OF 
ON PAssinG (1) (2) (3) (1) X (3) 
Sample: 
1.05 in. 1 100.00 =S 
Tumbled Coal: 
9.742 in. 26.9 0.896 0.7 18.83 
0.0117 in. 0.0469 in. (No. 16)......... 0.5 0.029 0.025 0.010 
0.0117 in. (No. 50)©........ 15.3% 0.006 0.005 0.075 


100(S —s 100(100 — 68.50 
Friability, per cent = = 31.5. 


To be reported as: Friability, 31.5 per cent. 


* Including loss, not to exceed 0.5 per cent. 
the be € percentage of “fines and dust” passing the 0.0117-in. (No. 50) screen represents the proportion of 
the eakage due to attrition or abrasion rather than to shattering, and may be reported as “‘dust index" to 
hein whole per cent to indicate the relative dust-producing properties of coals when subjected to severe 
. Hence both the friability per cent and the “dust index" may be reported as follows: Friability, 
pet cent = 31.5; with dust index of 15. 
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FOR 
TAR ACIDS IN CREOSOTE AND CREOSOTE-COAL TAR 
SOLUTIONS! 
A.S.T.M. Designation: D 453 — 37 T 
This is a Tentative Standard and under the Regulations of the Society is subject t 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 
Scope 


1. This method is intended for determining the amount of tar acids 
in the fractions distilled from creosote and creosote - coal tar solutions. 


TENTATIVE METHOD OF TEST _ 


“a 


Apparatus 
2. (a) Type I, Separatory Funnel. The Type I glass separatory funnel 


shall conform to the requirements shown in Fig. 1 (a). It shall have a 
total capacity of 175 ml. with the lower 20 ml. graduated accurately in 
0.1 ml. 

(b) Type II, Separatory Funnel._-The Type II glass separatory funnel 
shall conform to the requirements shown in Fig. 1 (b). The capacity of 
the lower bulb from the stopcock to the first graduation mark shall be 
65 ml., and above this mark the stem shall be graduated accurately for 


Procedure 


3. (a) In making the determination, 100 g. of the sample shall be dis 
tilled in accordance with the Standard Method of Test for Distillation of 
Creosote (A.S.T.M. Designation: D 246) of the American Society for 
Testing Materials. The fraction (Note) to be tested shall be transferred 
to a regular 250-ml. glass-stoppered separatory funnel, and 50 ml. of cp. 
benzol and 50 ml. of an 18.3 per cent solution of NaOH (sp. gr. 1.20 at 
20/40 C.) shall be added. The mixture shall be shaken vigorously for 3 min. 
and allowed to settle. The well-settled lower portion of the liquid shall 
then be drawn off into a 250-ml. beaker. An additional 30 ml. of the 
NaOH solution (18.3 per cent) shall be added to the separatory funnel and 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the AS.TM. 
Committee D-7 on Timbe 


mber. 
#1936 Book of A.S.T.M. Standards, Part II, p. 542. 
(832) 
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the contents gently shaken for 2 min. After settling, the lower portion 
of the liquid shall be drawn off and added to the beaker containing the 
first portion. Sufficient diluted H,SO, (1:3) shall be added to the mixture 
in the beaker to turn blue litmus paper definitely red. The solution shall 
be cooled during the addition of the acid. 

(b) If the tar acids liberated are estimated to be under 10 ml., Type I 
separatory funnel (Section 2 (a)) shall be used and 10 ml. of “Hi-flash” 
naphtha or c.p. benzol at 25 C. shall be measured into it. The liberated tar 


--Ground-in Stopper —-Ground-in Stopper 
/5mm. (Inside) 15 mm. (Inside) 
> 


‘| 


/8mm 


35-ml. Capacit 
L Graduated in 0.2 
Length [80 fo 230 mm 


20 ml. Capacit 
4+ > Graduated in 
Length 200 to 240mm. 


Capacity 65 ml. to 
-—First Graduation 


->| --Not less than 5mm 


3mm. Bore _-J3mm. Bore 


> 50mm. 


| 
| 
| 
! 


‘\Ground-in Stopper 


(a) Type I. (b) Type Il. 
Fic. 1.—Glass Separatory Funnels. 
ba 


acids and sulfate solution shall then be poured through this layer of naphtha 
or benzol several times, drawing the material off at the bottom of the 
funnel into the original beaker and pouring it back into the top of the 
funnel. This washes out the beaker and allows all the tar acids to be 
absorbed. The funnel shall then be allowed to stand at 25 C., until the 
layers separate clearly, when the sulfate solution shall be drawn off and 
the increase in the volume of the naphtha or benzol taken as the dry tar 
acids present. 

(c) If the tar acids liberated are estimated to be more than 10 ml., 
the procedure described in Paragraph (6) shall be followed except that 
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65 ml. of “Hi-flash” naphtha or c.p. benzol at 25 C. shall be measured inty 
the Type II separatory funnel (Section 2 (0)). 

Note.—If the total content of tar acids in a sample is desired, the entire distill: 
below 355 C. should be tested. In this case the results shall be reported as percentag 


by volume, that is, as the number of milliliters of tar acids per 100 ml. of the original dr 
sample, both volumes measured at the same temperature. = 


Calculation 


4. The amount of tar acids shall be reported as a percentage of tl 
fraction tested, calculated as follows: 


Volume of tar acids in milliliters 
Weight of fraction in grams 


_ Percentage of tar acids = x 100 


In the above formula, the assumption is made that 1 ml. of tar acids 
weighs 1 g. ™ 
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TENTATIVE METHOD OF TEST 
FOR 


| _ ACID NUMBER OF ROSIN! 
° A.S.T.M. Designation: D 465 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1937. 
Scope 


1. This method of test is intended for determining the acid number 
of rosin. 


Special Solutions Required 


2. (a) Sodium Hydroxide Solution (0.6 N).—Accurately standardize a 
0.5 N NaOH solution. 


(b) Ethyl Alcohol.—Ninety-five per cent, neutral, specially denatured 
alcohol (formula No. 30). 


(c) Phenolphthalein Solution.—Dissolve 1 g. of phenolphthalein in 
100 ml. of 95 per cent specially denatured alcohol, and neutralize theslightly 


acid alcohol solution with a caustic soda solution. 
Procedure 


3. In a 250-ml. Erlenmeyer flask? of heat-resistant glass,’ dissolve a 
1.95 to 2.05-g. +0.001 g. sample‘ of the rosin in 50 ml. of neutral 95 per 
cent specially denatured alcohol (formula No. 30). Heat to dissolve the 
rosin and titrate the hot solution with standard 0.5 N sodium hydroxide 
solution using 1 ml. of phenolphthalein solution as indicator. The standard 
0.5 N sodium hydroxide solution should be added as rapidly as possible, 
preferably with a wide-open burette until the end point is approached, and 
then by rapid dropping until the end point is reached.* 


Calculation 


4. The acid number expressed in milligrams of KOH per gram, shall 
be calculated from the following formula: a 


milliliters of NaOH x N x 56.1 
Weight of sample in grams 
where V = the normality of the sodium hydroxide solution used. 
C, —— oe standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 


-17 on Naval Stores. 
a a flasks should be either new or cleaned by rinsing with a hot solution of hydrofluoric acid (2 to 3 per 
a ai his removes from the flasks the adhering partially disintegrated silicates which would interfere with 
etermination. This treatment of flasks is not as important for determination of acid number, as for 
rmination of saponification number: however, it should be a good precautionary measure. 
‘I Tex 18 very satisfactory for this purpose. 
vasiatic is desirable to stay within rather narrow limits as to size of sample, in order not to introduce too large 
the relative concentrations of rosin, alcohol, and alkali solutions. _ 
nighe men tration is desirable to prevent any saponification of neutral constituents which slow titration 


Acid Number = 


4 
ito 


TENTATIVE METHOD OF TEST 
FOR 
SAPONIFICATION NUMBER OF ROSIN! 


A.S.T.M. Designation: D 464 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject te 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1937. 
Scope 
1. This method is intended for determining the saponification number 
of rosin. 


Special Solutions Required 

2. (a) Hydrochloric Acid Solution (0.6 N).-~Accurately standardize a 
0.5 N HCl solution. 

(b) Alcoholic Potassium Hydroxide Solution.—Dissolve 40 g. of c. p. 
KOH in 1 liter of 95 per cent redistilled specially denatured alcohol (formula 
No. 30). The alcohol shall be redistilled from potassium hydroxide over 
which it has been standing for some time, or with which it has been boiled 
for some time, under a reflux condenser. The solution must be clear. 
If it contains insoluble matter, it shall be either decanted after settling all 
night or filtered. 

(c) Phenolphthalein Solution.—Dissolve 1 g. of phenolphthalein in 100 
ml. of 95 per cent specially denatured alcohol (formula No. 30), and 
neutralize the slightly acid alcohol solution with sodium hydroxide solution. 


Procedure 

3. Weigh a 2.45 to 2.55-g. +0.001 g. sample? of the rosin into a 250-ml. 
Erlenmeyer flask* of heat-resistant glass. Dissolve the sample in 25 ml. 
of formula No. 30 alcohol and into it pipette’ 25 ml. of the alcoholic potas- 
sium hydroxide solution, allowing the pipette to drain for a definite time. 
Connect the flask preferably to a water condenser or to an air condenser 
made from glass tubing of 5 mm. in inside diameter, having a minimum 
length of 32 in. Place on a hot hot-plate and boil the solution gently for 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
Committee D-17 on Naval Stores. 

? It is desirable to stay within rather narrow limits as to size of sample, in order not to introduce too large 
variations in the relative concentrations of rosin, alcohol, and alkali solutions. — F : oi 

* The flasks should be either new or cleaned by rinsing with a hot solution of hydroflusric acid iar 
per cent). This removes from the flasks the adhering partially disintegrated silicates which would interfe: 
with the determination. 

4 Pyrex glass is very satisfactory for this purpose. 
_- § The use of a Lowy automatic pipette is recommended. 


(836) 


T 
exact! 
Cool, 
| 0.5 NV 
C 
30 alc 
tion, | 
j above 
Calcul 
d 
wher 
| 


Test FOR SAPONIFICATION NuMBER oF Rosin (D 464-37 T) 837. 


exactly 1 hr., taking the starting time at the point of incipient boiling. 
Cool, and without washing down the condenser, titrate immediately with 
0.5 V hydrochloric acid solution using 1 ml. of phenolphthalein indicator. 

Conduct two or three blank determinations on 25-ml. portions of No. 
30 alcohol with 25-ml. portions of the alcoholic potassium hydroxide solu- 
tion, using the same pipette and draining for the same length of time as 


above. 
Calculation 


4. The — ao number shall be calculated from the following 
formula: 


ml. of HCl for _ ml. of HCl ) xN x 561 
titration of blank titration of sample 
Saponification Number = 


Weight of sample in grams 
where V is the normality of the standard HCI solution used in the titration. — 
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TENTATIVE SPECIFICATIONS 
FOR 
SULFATE 


BASIC WHITE LEAD! 


A.S.T.M. Designation: D 82-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 
Scope 
1. These specifications cover the pigment commonly known as “basic 


sulfate” white lead. The pigment may be purchased in the dry form or 
ground in oil to form a paste. 


Composition 

2. (a) Dry Pigment.—The dry pigment shall conform to the require- 
ments specified in Section 3 (0). | 

(b) Paste-——The paste shall be made by thoroughly grinding the 
specified pigment with pure raw or refined linseed oil. 


Properties and Tests 


3. (a) The color and color strength, when specified, shall be equal to 
that of a sample mutually agreed upon by the buyer and the seller. 
(b) Dry Pigment.—The dry pigment shall conform to the following 


requirements: 

MaximuM 
Coarse particles (total residue retained on a No. 325 sieve”), percent. 1.0 sees 
Total impurities, including moisture, per 1.0 


(c) Paste-—The paste as received shall not be caked in the container 
and shall break up readily in oil to form a smooth paint of brushing con- 
sistency. It shall mix readily in all proportions without curdling, with 
linseed oil, turpentine, or volatile petroleum spirits or any mixture of 
these substances. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and Related Products. adopted 
These tentative specifications are in effect a tentative revision of, and will supersede ‘es ation: 
as standard, the present Standard Specifications for Basic Sulfate White Lead (A.S.T.M. Design 
D 82 — 24), 1936 Book of A.S.T.M. Standards, Part ne > 604. ' he require 
2 For determining coarse particles, sieves 3 in. in diameter are recommended, conforming sos il ) af the 
ments of the Standard Specifications for Sieves for Testing Purposes (A.S.T.M. Designation: 


American Society for Testing Materials, see 1936 Book of A.S.T.M. Standards, Part II, p. — _ 
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The paste shall conform to the following requirements: 
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MAXIMUM MINIMUM 
Pigment, per cent oes 84.0 
Linseed per cent 


Moisture and other volatile matter, per cent 
Coarse particles and skins (total residue retained on ‘a No. 325 
sieve'), per cent of the dry pigment 


Number of Tests 
4. One sample shall be taken at random from each lot of 1000 packages 
or fraction thereof. If the packages are of such size that 1000 packages 


amount to more than a carload, one sample shall be taken at random from 
each carload. 


1 For determining coarse particles, sieves 3 in. in diameter are recommended, conforming to the require- 
ments of the Standard Specifications for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of the 
American Society for Testing Materials, see 1936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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TENTATIVE SPECIFICATIONS 
FOR 
TITANIUM-MAGNESIUM PIGMENT" 


A.S.T.M. Designation: D 442-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 
Scope 


1. These specifications cover titanium-magnesium pigment in the dr 


form, also ground in oil to form a paste. ») >) 
Composition 


2. (a) Dry Pigment.—The dry pigment shall consist of titanium 
dioxide and magnesium silicates, with or without added aluminum silicates. 

(b) Paste.—The paste shall be made by thoroughly grinding the 
specified pigment in linseed oil. 


end Te 


3. (a) The color, brightness, oil absorption and tinting strength of the 
pigment, when specified, shall be at least equal to that of a sample mutually 
agreed upon by the buyer and the seller. 


(b) Dry Pigment.—The dry pigment shall conform to the following 
requirements: 


4 MAXIMUM MINimuM 
Coarse particles (total residue retained on a No. 325 sieve’), percent. 2.0 


28.0 
Magnesium and aluminum silicates.................0eceeeveeees remainder 


(c) Paste-—The paste as received shall not be caked in the container 
and shall break up readily in oil to form a smooth paint of brushing con- 
sistency. It shall mix readily in all proportions without curdling, with 


linseed oil, turpentine, or volatile petroleum spirits, or any mixture of these 
substances. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and Related Products. , —s 
3 For determining coarse particles, sieves 3 in. in diameter are recommended, conforming to t tI) p the 
ments of the Standard Specifications for Sieves for Testing Purposes (A.S.T.M. Designation: E 
American Society for Testing Materials, see 1936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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The paste shall conform to the following requirements: 
MAXIMUM MINIMUM 
Pigment, per cent 
Linseed oil, per cent eve: 
Moisture and other volatile matter, per cent 
Coarse particles and skins (total residue retained on a No. 325 
sieve!), per cent of the dry pigment 


Number of Tests 

4. One sample shall be taken at random from each lot of 1000 packages 
or fraction thereof. If the packages are of such size that 1000 packages 
amount to more than a carload, one sample shall be taken at random from 
each carload. 


1 For determining coarse poten, sieves 3 in. in diameter are recommended, conforming to the require- 
ments of the Standard Specifications for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of the 
American Society for Testing Materials. see 1936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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TENTATIVE SPECIFICATIONS 
FOR 


ZINC SULFIDE MAGNESIUM PIGMENT! dj 
A.S.T.M. Designation: D 443 -37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1937. 7 
Scope 


1. These specifications cover zinc sulfide magnesium pigment in th 


_ dry form, also ground in oil to form a paste. 
Composition 
2. (a) Dry Pigment.—The dry pigment shall consist of zinc sulfide and 
_ magnesium silicates, with or without added aluminum silicates. 
(b) Paste——The paste shall be made by thoroughly grinding the 
specified pigment in linseed oil. 
Properties and Tests 
3. (a) The pigment shall be similar or at least equal to a standard 
sample in the following qualities: 
(1) Behavior on exposure to light, 
(2) Ease of mixing and consistency with an approved test vehicle, 
(3) Color and brightness, 
(4) Tinting strength, ae 
(5) Hiding power, and 
(6) Microscopic qualities. 
The standard sample and testing methods shall be mutually agreed 
upon by the buyer and the seller. 
(b) Dry Pigment.—The dry pigment shall conform to the following 
requirements: 


MAXIMUM MINIMUM 
total residue retained 

Coarse particles, per on a No. 325 sieve’. 3.0 
| total residue retained 


on a No. 100 sieve?. 0.1 
Zinc sulfide, per cent ee 


1.0 
Magnesium and aluminum remainder 


Alumina in the silicate portion, per cent..............eceeeeeeees 10.0 


hy 

1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 

A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and Related Products. i he requife- 

* For determining coarse particles, sieves 3 in. in diameter are recommended, conforming tot iM c the 
ments of the Standard Specifications for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) 

American Society for Testing Materials, see 1936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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(c) Paste—The paste as received shall not be caked in the container 
and shall break up readily in oil to form a smooth paint of brushing con- 
sistency. It shall mix readily in all proportions without curdling, with 
linseed oil, turpentine, or volatile petroleum spirits, or any mixture of 
these substances. 

The paste shall conform to the following requirements: . 


MaxIMuM MINIMUM 
Pigment cove 75.0 
Moisture and other volatile matter, per cent 


total residue retained 

Coarse particles and skins, per cent of the} ona No. 325 sieve!. 
dry pigment total residue retained 
on a No. 100 sieve!. 


Number of Tests 
4, One sample shall be taken at random from each lot of 1000 packages 
or fraction thereof. If the packages are of such size that 1000 packages 


amount to more than a carload, one sample shall be taken at random from 
each carload. 


1 For determining coarse particles, sieves 3 in. in diameter are recommended, conforming to the require- 
ts of the Standard Specifications for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of the 
rican Society for Testing Materials, see 1936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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TENTATIVE METHOD OF TEST _ | 


FOR 
RELATIVE DRY HIDING POWER OF WHITE PIGMENTS! 
A.S.T.M. Designation: D 406 —- 37 T 
_ This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of th 
Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1935; REVISED, 1937. 
Scope 


1. This method is intended for determining the relative dry hiding 
power of a white pigment and is only to be used for a comparison of stand- 
ard and sample of the same type of white pigment. An optional procedure 
is included which permits a quantitative determination of the relative dry 
hiding powers of two pigments of the same type. 

Definition 

2. Relative dry hiding power of a white pigment is the ability of that 
pigment to impart hiding power to a paint prepared in the manner specified 
below. It is quantitatively expressed as the relative dry hiding power of 
this paint in terms of a similar paint prepared from a standard pigment. 


Note.—See the definition of relative dry hiding power of a paint as given in the 
Tentative Method of Test for Relative Dry Hiding Power of Paints (A.S.T.M. Designation: 
D 344 -— 37 T) of the American Society for Testing Materials. 


Apparatus 


3. The apparatus shall consist of the following: 

_ (a) Balance.—Regulation laboratory balance with capacity of 100 g. 
and sensitivity of 0.1 g. 

(b) Syringe.—Syringe of 10-ml. capacity. 

(c) Paint Brush.—A good grade paint brush, 1} in. in width. 

(d) Container.—A }-pt. can or a 250-ml. beaker. 

(e) Test Surface—-A smooth-surfaced paper chart having adjacent 
black and white areas and coated with a suitable varnish or lacquer so as 
to render the surface impervious and resistant to paint liquids. The 
black areas of the board shall have a diffuse reflection of less than | per 
cent. The white areas shal] have a diffuse reflection of 75 per cent oF 
greater. The white areas of the boards used for the standard paint and 
the sample shall not differ in brightness by more than 1 per cent. The 
chart shall have a test area of not less than 1 sq. ft. and any suitable regular 
geometrical design of the contrasting areas may be used. 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S 


Committee D-1 on Paint, Varnish, Lacquer, and Related Products. | 


2 See p. 866. 
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(f) Illumination.—A reasonable intensity of diffused light, preferably _ 
northern skylight or a source approximating northern skylight. 

(g) Burette—A standard 25-ml. burette, graduated in 0.1 ml. (stop- 
cock controlled). The tip of the burette shall be ground optically flat. 

(h) Glass Muller.—Standard type glass muller with a grinding face of 
from 22 to 3 in. in diameter. The face shall be free from blowholes and 
other imperfections, and kept sharp by slightly grinding with No. 303 
optical emery or its equivalent and turpentine. The edge should be 
beveled. 

(i) Rubbing Surface.—Lithographers’ stone or ground plate glass 
sab, the surface of which is kept sharp by slightly grinding with No. 303 
optical emery or its equivalent and turpentine. 

(j) Spatula.—-A flexible spatula having a 6-in. blade for mixing the 
oil and pigment. 


Materials 

4. The following materials will be required: : 

(a) Standard Pigment.—A standard white state of the same type 
as that to be tested mutually agreed upon by the purchaser and the seller. 

(b) Vehicle——The vehicle shall be prepared from the following two 
types of linseed oil, combining 50 per cent of each by weight to which shall 
be added 1 ml. of a cobalt naphthenate drier (metal content approximately 
6 per cent) to each 100 g. 


(1) Heat-bodied, alkaline, refined linseed oil, having a viscosity of — 
E to F on the Gardner-Holdt scale! and an acid number of 
1 to 5. 

(2) Light, boiled linseed oil, having a viscosity of B-on the Gardner- 
Holdt scale,’ an acid number of 2 to 5, and color not darker 
than No. 11 on the 1933 Gardner Color Standard? 


Procedure 


5. The relative dry hiding power of the white pigment shall be deter- 
mined as follows: 

(a2) The standard white pigment and vehicle shall be first mulled to 
stiff paste and then reduced to a paint of reasonably good brushing proper- 
ties. Quantities of pigment and vehicle for both operations shall be 
mutually agreed upon by the purchaser and the seller. The quantities of 
pigment and vehicle used should produce paints of reasonably good brush- 
ing properties from both standard and sample. The following table is 
intended to serve only as a guide: 


: Gardner's Laboratory Manual, Seventh Edition, October, 1935. 
tdner's Laboratory Manual, Sixth Edition, October, 1933, p. 161. - 
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SUGGESTED QUANTITIES OF PIGMENT AND VEHICLE. 


PIGMENT, OIL FoR 
: PIGMENT G. MULLING, ML. MuLLine shall 
16.3 8.7 rf 
Basic carponate witite lead... 25.5 4.3 7.0 
Basic carbonate white lead (high oil)................6 25.5 6.2 6.5 ide 
Basic sulfate white 25.5 5.0 6.0 
11.6 6.6 5.6 shall 
Titanium barium (30 per cent)..............ccccceee 18.9 5.9 4.6 
Titanium calcium (low 13.9 6.1 4.4 skyl 
Titanium calcium (high oil)..............00.0000000- 12.4 8.1 3.0 5 to 
; Lithopone (low-oil absorption)...................+.. 13.9 3.8 8.0 Rela 
Lithopone (high-oil absorption)..................... 10.5 4.4 8.2 
bru: 
(b) The amount of standard white pigment shall be weighed accurately the 
and the corresponding quantity of vehicle measured out, taking care to Opti 
allow sufficient time for complete drainage of the burette (approximately 
5 min.). The materials shall be placed on the rubbing slab and worked is k 
into a paste with the spatula. Then the paste shall be rubbed up with the be 
glass muller, using a stroke approximately 6 in. in width and from 12 to foll 
15 in. in length. In counting rubs, one stroke up and one stroke back shall tiv 
be considered to be one rub. ‘The muller shall be allowed to travel up out 
one side and back the other side, twisting the muller slightly at the top 
and bottom of each half stroke to help work in the pigment After each ap 
25 rubs with the muller, the pigment shall be “picked up” with the spatula ral 
_ by scraping the face of the muller and gathering the paste on the slab into th 
a daub. The mulling shall be continued until the paste is given 100 rubs. sp 
This paste shall then be thinned with the additional vehicle and trans- tn: 
ferred to the container. sh 
(c) The sample of white pigment to be tested shall be treated in the ou 
same manner as the standard, as described in Paragraphs (a) and (0). re 
(d) Brushouts of these paints shall be prepared as described in Para- sp 
graph (e) at a reasonable spreading rate mutually agreed upon by the te 
purchaser and the seller. 
(e) The paint prepared from the standard pigment shall be well stirred in 
and the brush dipped into the paint and worked out on a suitable surface. a 
The desired quantity of paint shall be taken up in the syringe, and the ir 
syringe and wet brush weighed in the empty container. ‘The paint shall b 
_ then be spread over the surface of the chart, the syringe returned to the i 
empty container, and the paint brushed out uniformly over the test sur 0 
face, care being taken to cover only the test area. The empty syringe, : 
wet brush, and container shall again be weighed. The loss of weight ’ 


T 
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represents the weight of paint applied to the test surface. A test chart 
shall then be prepared from the paint made with the sample pigment in 
the same manner and at the same spreading rate. Both painted test 
surfaces shall then be set aside to dry. 

(f) After the test surfaces are thoroughly dry, they shall be placed 
side by side against a flat surface. The standard and sample brushouts 
shall be viewed in juxtaposition under a reasonable intensity of diffused 
light, preferably northern skylight or a source approximating northern 
skylight. The observer should view the brushouts from a distance of 
5 to 10 ft. 


Relative Dry Hiding Power 

6. If the apparent contrast existing on the brushout of the sample 
of white pigment is adjudged equal to or less than that existing on the 
brushout of the standard white pigment, the sample shall be said to meet 
the standard pigment in relative dry hiding power as defined in Section 2. 


Optional Procedure 

7. (a) In many cases it is not sufficient to say that the sample pigment 
is better or poorer than the standard, and the amount of difference must 
be determined quantitatively. The optional procedure described in the 
following Paragraphs (b) and (c) is recommended for determining quantita- 
tive differences in hiding power. It may be used in place of the procedure 

itlined in Section 5. 

(b) The paint prepared from the sample of white pigment shall be 
applied to a brushout board as described in Section 5 (e) at the spreading 
rate mutually agreed upon. A series of brushouts shall be made from 
the paint prepared from the standard white pigment. ‘The difference in 
spreading rate between successive steps in this series should be approxi- 
mately 15 per cent. The range of spreading rate covered by this series 
should be sufficient to give contrasts above and below that of the brush- 
out of the sample pigment (estimated from the probable difference in 
relative dry hiding power, if known) or should cover the entire range of 
spreading rate convenient to apply with the standard paint. The painted 
lest surfaces shall be set aside to dry. 

__ (©) Under the conditions of illumination and viewing, as described 
in Section 5 (f), the brushout of the sample paint shall be compared with 
a series of brushouts of the standard paint, numbered, beginning with one, 
in order of decreasing spreading rate for convenience of handling. It will 
be found to be equal in contrast to one brushout of the standard or to be 
intermediate in contrast between two adjacent standards in the series 
of standard brushouts. If the sample is found to be between two adjacent 
standards in contrast, the sample shall be viewed against these standards 
with the higher and lower standard on either side. For purposes of grading, 
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the contrast interval between the two standards shall be considered as | 
arbitrary units. ‘The position of the sample shall be estimated on th 
arbitrary scale. ‘Thus, if the sample appears equally distant in contres 
from either standard, it will be graded 5 on the arbitrary scale. If nearer 
the standard of less contrast, it will be graded 6, 7, 8, or 9 as the case might 
be. ‘The grading shall be recorded in terms of the number of the standard 
brushout of higher spreading rate followed by a decimal point and th; 
grading of the arbitrary scale. In making this grading it is important that 
the sample be graded between the two standards with the standard of 
lesser contrast first on the right and then on the left. The two gradings 
thus obtained shall be averaged to give the final grading figure. 


Hiding Power Calculation 
8. The hiding power of the sample of white pigment shall be calcu- 


_ lated as follows: 
(Wi — Ws) + W, 


Hiding power = x 100 
W; 


where W, = the weight of paint on the brushout of the heavier grading 
standard, 


W. = the weight of paint on the brushout of the lighter grading 
standard, 


Ws; = the weight of paint on the brushout of the sample pigment, 
and 


X = the contrast grading (decimal portion of the recorded grading). 
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TENTATIVE METHODS OF ROUTINE ANALYSIS 


ZINC YELLOW PIGMENT (ZINC CHROMATE YELLOW)! 


A.S.T.M. Designation: D 444 —- 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. These methods cover the procedures for physical tests and chemical 
analysis of the pigment commonly known as “zinc yellow,” or “zinc 
chromate yellow” (Notes 1, 2 and 3). 


Treatment of Sample 


2. Dry pigments, if lumpy or not finely ground, shall be ground to a 
fine powder for analysis. Large samples may be thoroughly mixed and a 
representative portion taken and powdered, if lumpy or not finely ground. 
The sample in all cases shall be thoroughly mixed before taking portions for 
analysis. Extracted pigments shall be ground to a fine powder, passed 
through a No. 80 sieve to remove any skins, and thoroughly mixed. The 
weighed portions of extracted pigments should be moistened with a little 
alcohol before adding reagents for analysis. All samples shall be preserved 
in stoppered bottles or containers. - 

METHODS OF PHYSICAL TESTING 

Specific Gravity 


3. True specific gravity shall be determined in accordance with the 
standard Methods of Test for Specific Gravity of Pigments (A.S.T.M. 
Designation: D 153) of the American Society for Testing Materials.” 


Tinting Strength 


4. Tinting strength shall be determined in accordance with the 
Standard Methods of Test for Mass Color and Tinting Strength of Dry 


Color Pigments or Pastes (A.S.T.M. Designation: D 387) of the American 
Society for Testing Materials. 


1 Under the standardizati 
AS.T.M, Committee ardization 


1936 Book of A.S.T.M. S 
Ibid, p65 A.S.T.M. Standards, Part II, p. 638. 


1 procedure of the Society, these methods are under the jurisdiction of the 
D-1 on Paint, Varnish, Lacquer, and Related Products. ; a 
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Moisture 
5. Weigh 6 g. of zinc yellow in a tared moisture dish. Dry the 
specimen over night at 110 C. Cool, and weigh the specimen and calculate 
. percentage of moisture as follows: 


| Moisture, per cent = weight x 100 
a Weight of sample 


Combined Water and Moisture! 

6. Weigh 3 g. of pigment and transfer to a porcelain boat. Place the 
boat in a combustion tube. Connect the apparatus and heat for 4 hr. 
The weight increase of the absorption tube represents the “combined 
water,” report as the percentage of combined water. 


METHODS OF CHEMICAL ANALYSIS 
Solution of Sample 
Dissolve 4 g. of the sample in 50 ml. of cold 6 N H2SO, (160 ml. con- 
centrated H,SO, per liter of solution). It should dissolve completely at this 
stage. ‘Transfer the solution to a 500-ml. calibrated flask and make up to 
500 ml. The concentration of the solution should be approximately 0.1 V 
chromic acid. 


Chromium 

7. (a) Special Solution Required.—Standard sodium thiosulfate solu- 
tion (0.1 NV). 

(b) Procedure.—To a 400-ml. beaker containing 200 ml. of water, add 
2 g. of potassium iodide (solid) and 5 ml. of HeSO, (sp. gr. 1.42). (Final 
acidity should be approximately 5 ml. of acid per 100 ml. of solution). 
Pipette 25 ml. of the chromic acid solution into the solution of KI and 
H,SO, and after 5 min. titrate with the 0.1 N standard sodium thiosulfate 
solution, using starch as an internal indicator. The percentage of chromic 
acid may be calculated from the following values: 


1 ml. of N sodium thiosulfate = 0.01733 g. of Cr. or 0.03334 g. of CrOs. 
Report the amount calculated as percentage of CrOs. _ 


Zinc 

8. (a) Special Solution Required—Potassium ferrocyanide solution. 
The K,Fe(CN), solution is standardized as follows: Dissolve 42.5 g. of 
K,Fe(CN). per liter of solution. Dissolve 0.4 g. pure zinc in 25 ml. of 
concentrated HCl. After the zinc has completely dissolved, dilute to 300 
ml. Neutralize the solution with NH,OH, add 2 g. NH,Cl and 3 nl. of 
HCl (sp. gr. 1.19). Titrate the solution with K,Fe(CN).« using uranyl 
acetate as an external indicator on a spot tile and ferrous ammonium sulfate 


1 Refer to Fox and Bowles, “Analysis of Pigments, Paints and Varnishes,” p. 57. oe a 
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as an internal indicator. Calculate the strength of the potassium ferro- _ 
cyanide solution in terms of grams of zinc as follows: 


of KaPe(CN), = Grams of zine 
ml. of Ks Milliliters of 


(b) Procedure.—Nearly neutralize 100 ml. of the solution of the sample 
with NH,OH, add methyl orange indicator and continue neutralization 
with weak NH,OH (1:10) until exactly neutral. There should be no 
precipitate formed. ‘The solution must be barely acid before beginning the — 
precipitation and the acidity (due to liberated H.SO,) should not increase 
tomore than 0.1 NV. The precipitation of zinc sulfide ceases if the acidity 
increases to more than 550 mg. of H.SO, per 100 ml. of solution; below 
(.1 NV acid concentration, the precipitation is complete. Pass H.S through 
the solution at a rapid rate (at least eight bubbles per second) for at least — 
40 min., keeping the temperature below 50 C. Filter the solution and 
wash the precipitate with water. 

Dissolve the ZnS precipitate in hot diluted HCl (1:3). Wash the 
filter paper well with hot water. Boil the HS out of the ZnS solution, 
neutralize with NH,OH and adjust the volume to 300 ml. Add 2 g. of 
NH,Cl, and 3 ml. of HCl (sp. gr. 1.19), and heat to boiling. Titrate the hot 
solution with standard potassium ferrocyanide solution using urany] acetate 
as an external indicator on a spot plate, and 1 to 2 drops of ferrous 
ammonium sulfate as an internal indicator. The percentage of zinc in the 
specimen may be calculated from the following formula: 


Milliliters of K,Fe(CN). * grams of zinc per milliliter x 100 
Weight of sample 


Zinc, per cent = 


Zinc oxide, per cent = percentage of zinc « 1.2447 


Report the amount calculated as percentage of ZnO. 


Total Alkali Metals 


9. Dissolve 1 g. of zinc yellow in 10 ml. of acetic acid (1:1), add 25 
ml. of water and heat until completely dissolved. Dilute to approximately — 
250 ml. and heat the solution to boiling. Add 20 ml. of lead acetate (10 = 
per cent) and allow to settle. Filter off the precipitate and wash well with | 
hot water. Saturate the filtrate with HS, observing the precautions as _ 
outlined in the procedure for determining zinc (Section 8 (b)); zinc and 
excess lead will be precipitated. (It is necessary to keep down the con- | 
‘entration of acetic acid to ensure complete removal of the zinc.) Filter 
and wash the precipitate with cold water. Boil the filtrate to expel HS, 
then add 3 ml. of H.SO, and boil down to a small volume. Transfer the 
‘oncentrate to a weighed silica dish and evaporate to dryness on a hot plate. - 
Heat to complete dryness over a bunsen burner. Add solid (NH,)2CO; to © 
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the residue and heat till volatilized. Repeat the operation four times, ¢ 
the dish, and weigh. Add a few crystals of (NH4)2COs, and again heat ¢} 
residue until volatilized. Cool, and weigh the dish and repeat the operatig: 
until constant weight is obtained. 

The percentage of total alkali may be calculated as follows: 


Weight of alkaline sulfates x 1 


Total sulfate (Na,SO, and K,SO t= 
otal sulfate (Na,SO, and K,SO,), per cen Weighs of comols 


Total Alkali (K,O), per cent = percentage of K,SO, x 0.541 


Report the amount calculated as percentage of K.O. 


Note.—The above determination would include both potassium and sodium if preser 
Flame test for sodium should be made at this point, and if present the procedure for s 
should be followed (see Section 12 (a) and (0)). 


Sulfates 


10. Dissolve 1 g. of zinc yellow in 15 ml. of HCl (sp. gr. 1.19). Heat 
the solution to boiling and add 5 ml. of alcohol by drops to insure the 
reduction of chromium. Boil the solution down to a small volume. Dilute 
the concentrate to 300 ml. with water and neutralize with Na,CO; adding 
3.5 g. in excess. Heat the solution to boiling and boil to ensure the con- 
version of the insoluble sulfates to the soluble form. Allow the precipitate 
in the solution to settle on a hot plate and filter. Wash the precipitate 
with hot water. Neutralize the filtrate with HCI and boil to expel the C0, 
Adjust the acidity to 2.5 per cent with HC] and add drop-by-drop 15 ml. of 
barium chloride (20 per cent) to the solution, keeping the latter boiling. 
Allow the precipitate to settle on a hot plate, filter through a weighed 
Gooch crucible, wash, dry, ignite, cool, and weigh. The increase in weight 
represents the barium sulfate. oe 
Weight BaSO, x 0.343 « 100 

Weight of sample 
_ Report the amount calculated as percentage of SOs. 


Chlorine 

11. Dissolve 1 g. of zinc yellow in 20 ml. of H,SO, (2:3) and heat the 
solution to boiling. Add drop-by-drop 5 ml. of alcohol to the boiling 
solution; reduction of the chromium is complete when a clear green solution 
is obtained. Dilute the solution to approximately 250 ml., neutralize with 
Na,CO; and add a slight excess. Boil the solution a few minutes, filter, and 
wash. Acidify with diluted HNO; (1:1), adding 25 ml. in excess. Add 
10 ml. of standard silver nitrate solution (0.05 \) and titrate the excess 
silver nitrate with standard potassium sulfocyanate (0.05 NV), using femc 
sulfate as an internal indicator. A red tinge in the solution indicates the 
end point. The percentage of chlorine in the sample may be calculated 


Sulfate, per cent = 
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milliliters of AgNO; — (milliliters of KCNS x factor) © 
: X grams of Cl per milliliter of AgNO; 100 
Chlorine, per cent = 


Weight of sample 
Report the amount calculated as percentage of chlorine. _ _ 


Sodium 
12. (a) Special Solutions Required.—_-Double acetate solution, prepared 
as follows: 


Uranyl] acetate 
Solution A 4 Acetic acid (30 per cent) 


Zinc acetate 
Solution B { Acetic acid (30 per cent) ; 
Water 


When the above solutions A and B are each completely dissolved, mix 
them, and allow to cool to 20 C. = 1C. Keep the resulting solution at this 
temperature for several hours. Filter off the triple salt which crystallizes 
out and which may be assumed to be saturated with respect to sodium at 
20 C. since the reagent usually contains sufficient sodium to give a 
precipitate. 

(b) Procedure.—Proceed as in the determination of total alkali (Section 
one /) to the weighed sulfates. Dissolve the sulfates in 10 to 15 ml. of water. 
ot Add to the solution 100 ml. of zinc-uranyl acetate reagent and allow to 
a i | stand at 20 C. + 1C. for 30 to 45 min. stirring occasionally. (Scratch the 
sling side of the beaker occasionally to start crystallization. ) F ilter the solution 
ich i through a tared Gooch crucible and wash with five successive amounts of 
2 ml. of zinc-uranyl acetate reagent, then with five 2-ml. portions of alcohol 
previously saturated with sodium zinc-uranyl acetate) and finally with 
ether. Dry at 40 C. for 10 to 15 min., and weigh. ‘The percentage of 
sodium may be calculated as follows: . 


Weight of precipitate x 0.01495 x 100. _ 
Weight of sample 


Heat 
re the 
Dilute 
dding 
COn- 


veight 


Sodium, per cent = 


Note.—The precipitate is slightly soluble in water, insoluble in the precipitant, 
‘ohol, and ether. Barium, calcium, magnesium, and zinc do not interfere with the 
precipitation. Potassium has little effect if less than 0.05 g. is present; lithium, phosphates, 
xalates, and tartrates should be absent. 


Calcium 
13. Proceed as in the determination of sulfates (Section 10) to the 

acidification of the sodium carbonate solution. Make the solution 
ammoniacal and then slightly acid with acetic acid. Add 15 ml. of saturated 
ammonium acetate solution and again make ammoniacal with NH,OH and 
allow to stand on a hot plate over night. Filter off any precipitate in the 
morning. Wash free from oxalates with NH,OH (10 per cent). Dissolve 
the oxalate precipitate in hot diluted H.SO,. Dilute the solution to approx- 
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imately 300 ml. and add 10 ml. of H:SO,. Heat the solution to boiling a 
titrate with 0.1 NV potassium permanganate solution. 


Calejum. ver cent Mililiters of KMnO. x N x 0.20 
alciu yer cent = —— 
Weight of sample 


where N =the normality of the KMnO, solution. 


Ammonia! 

14. Distill 1 g. of the zinc yellow pigment with NaOH solution expelling 
the ammonia and collecting it in a known excess of 0.1 NV H.SO,.  Titrat 
the excess H.SO, with 0.1 NV NaOH. 


EXPLANATORY NOTES 


Note 1.—According to the work of Denslow, it appears probable that zinc yellow 
is a definite salt, the ‘‘oxide formula” of which would be K,0-4ZnO-4Cr0,-3H,0. 

Note 2.—For ordinary routine work, the following determinations should be 
sufficient: combined water, chromium (CrO;), zinc (ZnO), total alkali metals (K,0) 
and sulfates (SO;). These should give a summation close to 100 per cent. 

Nore 3.—In commercial ‘‘zinc yellow” pigments, using the above described 
methods, the percentage of zinc calculated as ZnO generally varies between 36.9 and 
37.8. The chromium as CrO; generally varies between 41.3 and 43.6 per cent. The 
sulfates as SO; generally vary between 1.4 and 3.3 per cent. The “combined water” 
generally varies between 6.1 and 6.7 per cent. The alkali metals expressed as K,0 
generally vary between 10.4 and 11.8 per cent. One sample showed 0.17 per cent 
moisture and 0.51 per cent sodium expressed as Na,O. 


1 This procedure is occasionally but not usually employed for preparing zinc yellow pigments. 
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TENTATIVE METHOD OF ROUTINE ANALYSIS 
OF 


DRY CUPROUS OXIDE! 
_A.S.T.M. Designation: D 283 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
innual revision. Suggestions for revision should be addressed to the Headquarters of the 
iety, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 
Scope 
1. This method covers the chemical analysis of the pigment, dry 
cuprous oxide. 


Treatment of Sample 


2. Dry pigments, if eneeabwel finely ground, shall be ground to a 
fine powder and thoroughly mixed (Note 1). Large samples may be thor- 
oughly mixed and a representative portion taken and powdered, if lumpy 
or not finely ground. ‘The sample in all cases shall be thoroughly mixed 
before taking portions for analysis. All samples shall be preserved in 
stoppered bottles or containers (Note 2). 


ToTAL COPPER 


3. Weigh accurately a dry sample of from 0.15 to 0.2 g. of the material, 
transfer it to a 250-ml. beaker, add 10 to 15 ml. of HCl (sp. gr. 1.19) and 
| to 2 ml. of HNO; (sp. gr. 1.42) and boil for several minutes. Add 10 ml. 

| H,SO, (sp. gr. 1.84) and heat until copious fumes of sulfuric acid are 
volved. Cool, add cautiously while stirring, 50 ml. of cold water, and boil 
to dissolve the sulfates. Cool, filter off any insoluble matter (SiO2, PbSO,, 
etc.) and wash the filter and residue until free from copper, with a cold 
H,SO, solution (1 to 2 per cent), catching the filtrate and washings in a 
250-ml. beaker, keeping the total volume of the solution down to about 
150 mil. Place in the solution a piece of clean, pure sheet aluminum having 
4minimum purity of 99.80 per cent and to contain a maximum of 0.02 
per cent copper. The sheet aluminum is convenient to use in the form of a 
cylinder about 3.5 to 4 cm. in diameter by 3.5 to 4 cm. in height, with a 


oan ie standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
“Thi -l on Paint, Varnish, Lacquer, and Related Products. 
tana method is in effect a tentative revision of and is intended to supersede when adopted the present 
AST Method of Routine Analysis of Dry Cuprous Oxide (A.S.T.M. Designation: D 283 — 36), 1936 Book 
-9-1.M. Standards, Part II, p. 624. 
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) 


small extending piece about 7 to 8 cm. in height as a means of removing 
the cylinder. Cover the beaker and heat to gentle boiling for about 30 min, 
or until the copper is completely precipitated as a metallic sponge on the 
aluminum. ‘Thoroughly wash the copper sponge from the aluminum into 
a 250-ml. beaker and carefully examine the aluminum sheet for any remain. 
ing particles of copper. Wash the copper sponge several times by decanta- 
tion with hot water, filtering the wash water through a 9-cm. filter paper, 
but retaining the copper as completely as possible in the beaker. The 
filtrate and washings may be discarded or used for the determination of 
iron, if present (Note 4). Add from 10 to 15 ml. of ferric chloride-hydro- 
chloric acid solution (prepared by dissolving 250 g. of FeCl, - 6H,O in 500 
ml. of HCl (1:1)), on the filter paper, catching this in the beaker containing 
the copper sponge. The copper generally dissolves in a few minutes with- 
out the need of heating. Break up any large particles of the copper sponge 
with a stirring rod. When the copper is completely dissolved, wash the 
filter thoroughly with cold water and finally, dilute the filtrate to about 
200 ml. with cold water, add 5 ml. of syrupy phosphoric acid and titrate 
the cold solution at once with 0.1 NV KMnO, solution. Run a blank on the 
reagents used, and calculate the final corrected figure to percentage of 
total copper (1 ml. of 0.1 VW KMnO, is equivalent to 0.0032 g. Cu). 


METALLIC CopPpER AND Cuprous OxIDE! 

Apparatus 
4. Filter.2*—-The filter consists of a 55-mm. filter tube of the type used 
for small Gooch crucibles. In the opening is placed a perforated porcelain 
button which is seated at right angles to the stem. An asbestos pad is 
built up over the button and securely set by tamping with a glass rod. 
The filter must be packed in such a way that the tube may be held in an 
inverted position without dislodging either the disk or the pad. It has 
been found that a tube about 60 by 25 mm., with a stem 110 mm. in length, 


is a convenient size. A 20-mm. Gooch crucible button serves to support 
the asbestos pad. 


Special Solutions Required 

5. (a) Extraction Solution.—Dissolve 6 g. of c. p. hydrazine sulfate in 
1 liter of NH,OH (sp. gr. 0.90). 

(b) Ferric Chloride Solution.—Add 150 g. of FeCl; . 6H,O and 300 ml. 
of HCl (sp. gr. 1.19) to 800 ml. of air-free, carbon-dioxide-saturated water. 

(c) Indicator.Shake 2 g. of barium diphenylamine sulfonate,’ 50 mi. 
of carbon-dioxide-saturated distilled water, and 5 g. of sodium sulfate 
until a uniform suspension of barium sulfate is obtained. Dilute the 


ture,” Industrial and Engineering Chemistry, Analytical Edition, Vol. 8, No. 5, p. 380 (1936). ische und 
2 For further information on the filter see W. Geilman, and F. Z. Weibke, Zeitschrift fur anorgam 
allgemeine Chemie, Vol. 199, p. 120 (1931). 
* Barium diphenylamine sulfonate may be obtained from the Eastman Kodak Co. 


7 1L. C. Hurd and A. R. Clark, “Determination of Metallic Copper in Cuprous Oxide - Cupric Oxide Mir- 
4 


| 
| R 
suspet 
| the su 
$5 pel 
Societ 
| by di 
diluti 
| 
allow 
of th 
Meta 
| | 
glass 
| advi: 
perc 
Disp 
and 
Wit! 
No 
| agit 
dep 
and 
ren 
the 
| CUT 
| hac 
ane 
| all 
10 
de 
fre 


RouTINE ANALYSIS OF Dry Cuprous OxpDE (D 283 - 37 T) 857 


suspension with 50 ml. of water and allow to settle. When clear, decant d 
the supernatant liquid through a filter and preserve in a dark bottle. 

(d) Phosphoric Acid.—Prepare a solution of ortho-phosphoric acid, 
35 per cent reagent, conforming to specifications of the American Chemical 
Societ 
) Potassium Bichromate Solution (0.1 N).—Prepare a 0.1 N solution — 
by dissolving 4.903 g. of reagent quality potassium bichromate in water, 
diluting to 1 liter. 

(f) Water.—Boil vigorously distilled water for several minutes and 
allow to cool in an atmosphere of carbon dioxide. Allow a slow current 
of the gas to pass continuously through the storage bottle. 


Metallic Copper 

6. (a) Weigh accurately a sample of suitable size on a small watch- 
glass, and place the glass and contents in a dry, wide-mouth 250-ml. Erlen- 
meyer flask. If the material is an electrolytic product low in copper, it is 
advisable to take a 1 to 2-g. sample. If it is from a “thermal process,”’ the 
percentage of copper is usually large and a smaller sample will suffice. 
Displace the air in the flask with carbon dioxide (15 to 20 cu. ft. per hr.) — 
and add 10 ml. of ethyl alcohol to dissolve any oil present in the sample. — 
Without interrupting the flow of gas, add 150 ml. of extraction solution 
Note 5). Break up any lumps of oxide with a stirring rod. Violent 
agitation should be avoided. ‘The carbon dioxide inlet should be about | 
5cm. (2 in.) above the surface of the liquid (Note 6). The time required | 
for complete solution of all cuprous oxide varies between 1 and 5 min. 
depending upon the amount and character of the sample under investigation. 

(b) When the cuprous oxide has completely dissolved, as evidenced 
y the total disappearance of red particles, connect the filter to a suction 
and slowly lower it into the flask. As soon as the bulk of the solution is 
removed, rinse the flask with carbon-dioxide-saturated water and continue _ 
the filtration and washing. Five of six 100-ml. portions of wash water will _ 
suflice to remove all the original extraction solution containing the dissolved 
cuprous oxide. ‘Then disconnect the filter and push the pad and contents | 
back into the flask with a glass rod. Add 15 ml. of ferric chloride solution 
and warm the flask to dissolve the cupric oxide - copper residue. When 
all particles have disappeared, cool the solution to below 40 C. and add— 
10 ml. of phosphoric acid and 3 drops of indicator. Titrate the solution 
by running the bichromate solution into the flask. ‘The endpoint is evi-. 
denced by a change from pea green to an intense purple color. 


(c) Calculation.—Calculate the percentage of copper present ( Note 7) 
from the following formula: 1 


pper, per cent = 


Normality of K,Cr,O; X milliliters of KxCr:O, x 0.03179 
Weight of sample in grams 
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Cuprous Oxide 


7. Dissolve a 0.2-g. sample in ferric chloride and titrate the ferro: 
iron produced with potassium bichromate in the manner described, It j 
_ essential that the solution of the sample be carried out in an atmosphere 

of carbon dioxide or other inert gas. From the volume of bichromate 
solution equivalent to both cuprous oxide and copper, calculate the tr 
percentage of cuprous oxide in the sample according to the following 


formulas: 


—- = milliliters required for copper in 1 g. of sample, and — 
Wi 


Let 


2 
We 


= milliliters required for copper plus cuprous oxide in 1 g. of sample, 


| 


——— —- = milliliters required for cuprous oxide in 1 g. of sample, and 
Wi 
Therefore 


Cuprous oxide, per cent = ( ) oonts7 x N of K.Cr.0; x 100 


Percentage of copper 


~ NW of K,Cr.0; X 0.03179 x 100 


Wi 


Therefore 


Cuprous oxide, _ ml. 
per cent 


0.07157 x N of 
K.Cr,0; x 100 


Percentage of copper ) 
of x 0.03179 x 100 
_ The calculation of the percentage of cuprous oxide is simplified if the 
sample taken for the copper determination be a simple multiple of that in 
_ the oxide analysis. In actual practice it has been found that a 1.000-¢. 
_ sample for metallic copper and a 0.2000-g. sample for cuprous oxide are 0! 
convenient size. In this case one-fifth of the volume of bichromate used in 
_ the determination of metallic copper is subtracted from the total titration 
of the smaller sample to give the volume of bichromate actually equivalent 
to the cuprous oxide in the sample. 


Report 


8. Report the metallic copper (Cu) and the cuprou : oxide (Cu,0). 
Subtract the copper equivalents from the percentage of total copper 4° 
determined in Section 2, calculate the remainder to cupric oxide and report 
as percentage of CuO (Cu X 1.252 = CuO). 
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EXPLANATORY NOTES 


Nore 1.—It is very important that the sample be thoroughly mixed. Some 
ples of cuprous oxide are not homogeneous, and for this reason are likely to give 
rouble when an attempt is made to obtain concordant results. By placing a few 
rams of a sample on a sheet of white paper, and drawing it out with a spatula, it is 
requently found that the sample contains coarse particles of black scale, along with 
mall balls of bright red cuprous oxide. ‘Thus it may be necessary to grind such a 
product thoroughly in a mortar and pestle, in order to get it homogeneous. It is 
sible that during this operation a slight oxidation may take place. 

Nore 2.—Caution should be used in protecting the sample from oxidation. 

Nore 3.—A microscopic examination is helpful in showing the presence of metallic 

,red Cu,O, and CuO. Washing some of the sample through a fine sieve (No. 325) 
may reveal the presence of metallic copper retained on the sieve. 

Nore 4.—Commercial cuprous oxides may contain moisture and small amounts 

iron, chlorine, oil, and acid insoluble matter. 

Nore 5.—If the ammonium hydroxide-hydrazine sulfate solution is allowed to 
tand in contact with the samples for more than 10 min., the loss in copper may 
gmount to more than 2 mg. 

Nore 6.—Care must be taken not to allow the extraction solution to become 

turated with carbon dioxide. ‘The gas inlet to the flask should not be placed beneath 
the surface of the liquid, to avoid solubility errors. 

Note 7.—Commercial samples of cuprous oxide have shown from 0.22 to 11.8 
per cent Cu. 
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TENTATIVE SPECIF ICATION: S 
FOR 
RAW SOYBEAN OIL! 


A.S.T.M. Designation: D 124-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head. 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1922; REVISED, 1933, 1937. 
Properties 
1. Raw soybean oil shall conform to the following requirements: 
Maximum Minimum 
Foots, per cent......... 2.5 
Loss on heating at 105 to 110 C., per cent 
Specific gravity at 15.5/15.5 C 
Acid number 
Saponification number 
Unsaponifiable matter, per cent 


Appearance clear and transparent at 
65 C. 

Iodine number (Wijs) 131 

Color.. Not dhe: than a freshly 
prepared solution of 1.0 g. 
potassium bichromate in 
100 ml, pure H,SO, (sp. 
gr. 1.84) or its equivalent 
in iron-cobalt solution o 
in Lovibond glass. 


METHODS OF TESTING 
Solutions Required 


2. The following reagents will be required: 

(a) Acetone——Acetone shall conform to the Standard Specifica- 
tions for Acetone (A.S.T.M. Designation: D 329) of the American 
Society for Testing Materials.? 

(b) Acid Calcium Chloride Solution—Saturate with calcium 
chloride a mixture of 90 parts of water and 10 parts of HCl (sp. 
gr. 1.19). 

(c) Standard Sodium Thiosulfate Solution.—Dissolve pure sodium 
thiosulfate in distilled water that has been well boiled to free it from 
carbon dioxide in the proportion so that 24.83 g. crystallized sodium 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 
of the A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and Related Products. 

21936 Book of A.S.T.M. Standards, Part II, p. 784. 
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al 
thiosulfate will be present in 1000 ml. of the solution. It is best to 
let this solution stand for about two weeks before standardizing. 
Standardize with pure resublimed iodine. (See Treadwell-Hall, 
Analytical Chemistry, Vol. II, sixth edition, pp. 551 and 553.) This 
solution will be approximately 0.1 NW and it is best to leave it as it 
is after determining its exact iodine value, rather than to attempt to 
adjust it to exactly 0.1 NV strength. Preserve in a stock bottle with a 
guard tube filled with soda lime. 


my (d) Starch Solution.—Stir up 2 to 3 g. of potato starch or 5 g. of 
soluble starch with 100 ml. of 1 per cent salicylic acid solution, add 
300 to 400 ml. boiling water, and boil the mixture until the starch 
is practically dissolved. Dilute to 1 liter. 

ts: (e) Potassium Iodide Solution (15 per cent).—Dissolve 150 g. of 

- potassium iodide free from iodate in distilled water and dilute to 


1000 ml. 

(f) Wijs Iodine Monochloride Solution.—Dissolve iodine in glacial 
acetic acid that has a melting point of 14.7 to 15 C. and which is free 
from reducing impurities in the proportion so that 13 g. of iodine will 
be present in 1000 ml. of solution. The preparation of the iodine mono- 
chloride solution presents no vreat difficulty, but it shall be done with 
care and accuracy in order to obtain satisfactory results. ‘There shall 
be in the solution no sensible excess either of iodine or more particu- 
larly of chlorine over that required to form the monochloride. This 
condition is most satisfactorily attained by dissolving in the whole of 
the acetic acid to be used the requisite quantity of iodine, using a 
gentle heat to assist the solution, if it is found necessary. The halogen 
content can be accurately measured by titration of a portion of the 
solution with 0.1 N sodium thiosulfate using the potassium iodide 
solution (15 per cent) and the starch indicator as described in Section 
3 (g) in the method for the determination of the iodine number. Set 
aside a small portion of this solution while pure, and pass dry chlorine 


into the remainder until the halogen content of the solution is doubled. 

Ordinarily, it will be found that by passing the chlorine into the main 
" part of the solution until the characteristic color of free iodine has 
p. just been discharged, there will be a slight excess of chlorine, which 

is corrected by the addition of the requisite amount of the unchlo- 
" inated portion until all free chlorine has been destroyed. A slight 
ml excess of iodine does little or no harm, but excess of chlorine must be 
avoided. 


(g) Standard Sodium Hydroxide Solution—Prepare a stock con- 
centrated solution of sodium hydroxide by dissolving NaOH in water 
in the proportion of 200 g. NaOH to 200 ml. water. Allow this 


) 
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and oil mixture to the nearest 0.1 ml. or fraction thereof. 
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solution to cool and settle in a stoppered bottle for several days 
Decant the clear liquid from the precipitate of sodium carbonate into 
another clean bottle. Add clear barium hydroxide solution until no 
further precipitate forms. Again allow to settle until clear. Draw off 
about 175 ml. and dilute to 10 liters with freshly boiled distilled water. 
Preserve in a stock bottle provided with a large guard tube filled with 
soda lime. Determine the exact strength by titrating against pure 
benzoic acid (CsH;COOH) using phenolphthalein as indicator. (See 
Bureau of Standards Scientific Paper No. 183.) ‘This solution will 
be approximately 0.25 NV, but do not attempt to adjust it to any exact 
value. Determine its exact strength and make proper corrections 
in using it. 

(h) Alcoholic Sodium Hydroxide Solution.—Dissolve pure NaOH 
in 95 per cent ethyl alcohol in the proportion of about 22 g. per 1000 ml. 
Let stand in a stoppered bottle. Decant the clear liquid into another 
bottle and keep well stoppered. This solution should be colorless or 
only slightly yellow when used; it will keep colorless longer if the 
alcohol is previously treated with NaOH (about 80 g. to 1000 ml.), 
kept at about 50 C. for 15 days, and then distilled. For an alternate 
method see Journal, American Chemical Society, 1906, p. 395. 

(t) Half Normal Sulfuric Acid Solution—Add about 15 ml. of 
H.SO, (sp. gr. 1.84) to distilled water, cool and dilute to 1000 ml. 
Determine the exact strength by titrating against freshly standardized 
NaOH or by any other accurate method. Either adjust to exactly 
0.5 N strength or leave as originally made, applying appropriate 


correction. 
Methods of Testing 


3. The oil shall be tested i in accordance with the following methods: 

(a) General—The laboratory sample shall be thoroughly mixed 
by shaking, stirring, or pouring from one vessel to another and the 
samples for the individual tests taken from this thoroughly mixed 
sample. 

(b) Foots.—With all materials at a temperature between 20 and 
27 C., mix by shaking for exactly one minute in a graduated tube, 
25 ml. of the well-shaken sample of oil, 25 ml. of acetone and 10 ml. 
of the acid calcium chloride solution. Clamp the tube in a vertical 
position where settling may take place for 24 hr. The temperature 
during this period should be between 20 and 27 C. 

At the end of the 24 hr., determine the volume of the stratum 


lying between the clear calcium chloride solution and the clear Ths 


\ 

| 

( 

( 
| 


A.S.T.M. DESIGNATION: D 124-37 T 


volume multiplied by four expresses the amount of foots present as a 
percentage by volume. 

The graduated tube referred to may be a burette or a color com- 
parison tube. It should have an internal diameter of from 1.0 to 
1.5 cm., and a capacity of not less than 70 ml. The graduations in 
0.1 ml. should extend at least from 10 ml. to 50 ml. above the bottom 
of the tube. 

(c) Loss on Heating at 105 to 110 C.—Place 10 g. of the oil in an 
accurately weighed 200-ml. Erlenmeyer flask; weigh. Heat in an 
oven at a temperature between 105 and 110 C. for 30 minutes; cool 
and weigh. Calculate the percentage loss. This determination shall 
be made in a current of dry carbon dioxide gas. 

(d) Specific Gravity—Use a pycnometer accurately standardized 
and having a capacity of at least 25 ml., or any other equally accurate 
method, making the test at 15.5 C., water being 1 at 15.5 C. 

(e) Acid Number.—Weigh from 5 to 10 g. of the oil. Transfer 
to a 300-ml. Erlenmeyer flask. Add 50 ml. of neutral 95 per cent 
ethyl alcohol. Put a condenser loop inside the neck of the flask. 
Heat on a steam bath for 30 minutes. Cool and add phenolphthalein 
indicator. ‘Titrate to a faint permanent pink color with the 0.2 NV 
sodium hydroxide solution. Calculate the acid number (milligrams 
KOH per gram of oil). 7 

(f) Saponification Number.—Weigh about 2 g. of the oil in a 
300-ml. Erlenmeyer flask. Add 25 ml. of alcoholic sodium hydroxide 
solution. Put a condenser loop inside the neck of the flask and heat 
on the steam bath for 1 hr. Cool, add phenolphthalein as indicator, 
and titrate with 0.5 N H2SO,. Run two blanks with the alcoholic 
sodium hydroxide solution. ‘These should check within 0.1 ml. of 
0.5 N H,SO,. From the difference between the number of milliliters 
of 0.5 N H,SO, required for the blank and for the determination, 
calculate the saponification number (milligrams KOH required for 
1 g. of the oil). 

(g) Unsaponifiable Matter.—-Weigh 8 to 10 g. of the oil. Transfer 
to a 250-ml. long-neck flask. Add 5 ml. of a strong solution of NaOH 
(1:1) and 50 ml. of ethyl alcohol (95 per cent). Put a condenser loop 
nside the neck of the flask and boil for 2 hr. Occasionally agitate the 
flask to break up the liquid, but do not project the liquid onto the 
sides of the flask. At the end of 2 hr., remove the condenser and 
allow the liquid to boil down to about 25 ml. 

Transfer to a 500-ml. glass-stoppered separatory funnel, rinsing 
with water. Dilute with water to 250 ml., and add 100 ml. of redis- 
tilled ether. Stopper and shake for 1 min. Let stand until the 
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separation between the two layers is sharp and clear. Draw off all 
but one or two drops of the aqueous layer into a second 500-ml. 
separatory funnel and repeat the process, using 60 ml. of ether. After 
thorough separation, draw off the aqueous solution into a 400-ml. 
beaker, then transfer the ether solution to the first separatory funne 

rinsing down with a little water. Return the aqueous solution to th 

second separatory funnel and shake out again with 60 ml. of ether j 

a similar manner, finally drawing the aqueous solution into the beaker 
and rinsing the ether into the first separatory funnel. 

Shake the combined ether solution with the combined water 
rinsings and let stand until the separation between the two layers is 
sharp and clear. Draw off the water and add it to the main aqueous 
solution. Shake the ether solution with two portions of water (about 
25 ml. each). Add these to the main water solution. 

Swirl the separatory funnel so as to bring the last drops of water 
down to the stopcock and draw off until the ether solution just fills 
the bore of the stopcock. Wipe out the stem of the separatory funnel 
with a bit of cotton on a wire. Draw off the ether solution (portion- 
wise if necessary) into a 250-ml. flask and distill off. While still hot, 
drain the flask into a small weighed beaker, rinsing with a little ether. 
I;vaporate this ether, cool the beaker, and weigh. 

Note.—The unsaponifiable oil from adulterated drying oils may be volatile and 
as a consequence mdy evaporate on long heating. Therefore, heat the beaker ona 


warm plate, occasionally blowing out with a current of dry air. Discontinue heat- 
ing as soon as the odor of ether is gone. 


(h) Iodine Number (Wijs).—Place a small quantity of the sample 
in a small weighing burette or beaker. Weigh accurately. Transfer by 
dropping from 0.09 to 0.15 g. of oil to a 500-ml. bottle, having a well- 
ground glass stopper, or an Erlenmeyer flask, having a specially 
flanged neck for the iodine tests. Reweigh the burette or beaker and 
determine the amount of sample used. Add 10 ml. of chloroform. 
Whirl the bottle to dissolve the sample. Add 10 ml. of chloroform to 
each of two empty bottles like that used for the sample. Add to each 
bottle 25 ml. of the Wijs solution and let stand with occasional shaking 
for 1 hr. in a dark place at a temperature of from 21 to 23 C. Add 
10 ml. of the potassium iodide solution (15 per cent) and 100 ml. of 
water. ‘Titrate with 0.1 N sodium thiosulfate, using starch as an 
indicator. ‘The titrations on the two blank tests should agree within 
0.1 ml. From the difference between the average of the blank titra- 
tions and the titration on the samples and the iodine value of the 
thiosulfate solution calculate the iodine number of the samples tested. 


(Iodine number is given in centigrams of iodine to 1 g. of sample.) 
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(i) Color.—Prepare a fresh solution of pure potassium bichromate 
in pure colorless HSO, (sp. gr. 1.84). This solution should be in the 
proportion of 1.0 g. potassium bichromate to 100 ml. (184.0 g.) of 
H.SO,. Place the oil and colored solution in separate thin-walled, 
clear glass tubes of the same diameter (1 to 2 cm.) to a depth of not 
less than 2.5 cm. and compare the depths of color by looking 
transversely through the columns of liquid by transmitted light. 

The iron-cobalt liquid equivalent to the above bichromate solu- 
tion may be prepared as follows: Mix 29.4 ml. of Solution No. 1 
with 17.6 ml. of Solution No. 2 and 53.0 ml. of Solution No. 3. The 
three base solutions referred to have the following composition: 


FeCl;.6H20 


CoCl,.6H,O 
Solution No. 2 \ HCl (2 per cent) 


Solution No. 3 Aqueous solution of HCI (2 per cent) — 


The Lovibond equivalent to the above iron-cobalt solution shall 
be as follows: red 17.5, yellow 120.0, and blue 0.20. 

The depth of liquid shall be 10.5 mm. 

(7) Appearance.—If the oil is cloudy when cold, it shall become 
clear and transparent when heated at 65 C. for 5 min. 


all 
nl, 
ter 
nl. 
el, 
he 
in 
er J 
is 
us 
CT 
Is 
el 
t, 
t- 
e 
- 
y 
y 
d 
: 
f 
ess 


TENTATIVE METHOD OF TEST 
FOR 


RELATIVE DRY HIDING POWER OF PAINTS! 
A.S.T.M. Designation: D 344 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
d annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1932; REVISED, 1937. : 


Scope 

“ 1. This method is intended for determining whether the relative dry 

hiding power of a given sample of paint is less than, equal to, or greater 

than that of a mutually agreed upon standard. An optional procedure is 

included which permits a quantitative determination of the relative dry 

hiding powers of two paints when they differ not too greatly in this respect. 
Definition 

2. Relative dry hiding power of a paint is the ability of that paint to 

_ reduce the contrast of a black and white surface to which it is applied and 

allowed to dry. It is quantitatively expressed in terms of the proportional 


spreading rate? of paint required to produce the same contrast reduction as 
obtained with the paint chosen as standard. 


Apparatus 
3. The apparatus shall consist of the following: _ - 
(a) Balance.—Regulation laboratory balance with capacity of 100 g. 
and sensitivity of 0.1 g. 
(b) Syringe.—Syringe of 10-ml. capacity. 7 
(c) Paint Brush.—A good grade paint brush, 1} in. in width. 
(d) Container.—A }-pt. can or a 250-ml. beaker. 
— (e) Test Surface.—A smooth-surfaced paper chart having adjacent 
black and white areas and coated with a suitable varnish or lacquer so as 
_ to render the surface impervious and resistant to paint liquids. ‘The black 
areas of the board shall have a diffuse reflection of less than 1 per cent. 
The white areas shall have a diffuse reflection of 75 per cent or greater. 
The white areas of the boards used for the standard paint and the sample 
shall not differ in brightness by more than 1 percent. The chart shall havea 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related Products. te «0 to Paint 

2 See the definition of “Spreading Rate” as given in the Standard Definitions of Terms Relating Book of 
Specifications (A.S.T.M. Designation: D 16) of the American Society for Testing Matericis, 19 
A.S.T.M. Standards, Part II, p. 826, 
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test area of not less than 1 sq. ft. and any suitable regular geometrical 
design of the contrasting areas may be used. 

(f) Ilumination.—A reasonable intensity of diffused light, preferably 
northern skylight or a source approximating northern skylight. 


Materials 
4. A standard paint mutually agreed upon by the purchaser and 

the seller. 

Procedure 
—_ 5. (a) The weight per gallon of the standard and sample paints must > 
of the be known and may be determined by any accepted method. 
- (b) Brushouts of the standard paint and the sample paint shall be 
| _ prepared as described in Paragraph (c) at a convenient and suitable spread- 

ing rate mutually agreed upon by the purchaser and the seller and preferably 
e dry lying within the range of 400 to 800 sq. ft. per gal. 
eater (c) The standard paint shall be well stirred and the brush dipped into 
ure is the paint and worked out on a suitable surface. The desired quantity of 
> dry paint shall be taken up in the syringe, and the syringe and wet brush 
pect. weighed in the empty container. ‘The paint shall then be spread over the 
surface of the chart, the syringe returned to the empty container, and the 
paint brushed out uniformly over the test surface, care being taken to 
cover only the test area. The empty syringe, wet brush, and container 
shall again be weighed. ‘The loss of weight represents the weight of paint 
applied to the test surface. A test chart shall then be prepared from the 
sample paint in the same manner and at the same spreading rate. Both 
painted test surfaces shall then be set aside to dry. 

(d) After the test surfaces are thoroughly dry, they shall be placed 
side by side against a flat surface. The standard and sample brushouts 
shall be viewed in juxtaposition under a reasonable intensity of diffused 
light, preferably northern skylight or a source approximating northern sky- 
light. The observer should view the brushouts from a distance of 5 to 10 ft. 


Relative Dry Hiding Power 


_ 6. If the apparent contrast existing on the brushout of the sample 
paint is adjudged equal to or less than that existing on the brushout of the 
standard paint, the sample paint shall be said to meet the standard paint 


in relative dry hiding power as defined in Section 2. Oe 
Optional Procedure 


7. (a) In many cases it is not sufficient to say that the sample paint is 
better or poorer than the standard, and the amount of difference must be 
determined quantitatively. The following optional procedure is recom- 
mended for determining quantitative differences in hiding power. It may 

used in place of the procedure outlined in Section 5: | 
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(b) The sample paint shall be applied to a brushout board as describe 
in Section 5 (c) at the spreading rate mutually agreed upon or at a convenien} 
spreading rate. A series of brushouts shall be made from the standard 
paint. ‘The difference in spreading rate between successive steps in this 
series should be approximately 15 per cent. The range of spreading rate 
covered by this series should be sufficient to give contrasts above and beloy 
that of the brushout of the sample paint (estimated from the probable 
_ difference in relative dry hiding power, if known) or should cover the entire 
range of spreading rate convenient to apply with the standard paint. Th: 
painted test surfaces shall be set aside to dry. 

(c) Under the conditions of illumination and viewing, as described in 
Section 5 (d), the brushout of the sample paint shall be compared with a 


series of brushouts of the standard paint, numbered, beginning with one, in 


Sco 
order of decreasing spreading rate for convenience of handling. It will be 
found to be equal in contrast to one brushout of the standard or to be rel: 
intermediate in contrast between two adjacent standards in the series of 
standard brushouts. If the sample is found to be between two adjacent ™ 
standards in contrast, the sample shall be viewed against these standards 
with the higher and lower standard on either side. For purposes of grading, cn 
the contrast interval between the two standards shall be considered as 10 - 
arbitrary units. ‘The position of the sample shall be estimated on this | 
arbitrary scale. ‘Thus, if the sample appears equally distant in contrast wi 
from either standard, it will be graded 5 on the arbitrary scale. If nearer ™ 
the standard of less contrast, it will be graded 6, 7, 8, or 9 as the case might " 
be. The grading shall be recorded in terms of the number of the standard 
 brushout of higher spreading rate followed by a decimal point and the 
grading of the arbitrary scale. In making this grading it is important that Ag 
the sample be graded between the two standards with the standard of lesser 
contrast first on the right and then on the left. The two gradings thus of 
obtained shall be averaged to give the final grading figure. be 
_ Hiding Power Calculation vi 
8. The hiding power of the sample of paint shall be calculated as follows: 
4 t 
(W, — Ws) +W, fo 
Hiding power = 10 x So « 100 st 
Ws; Si 
where W, = the weight of paint on the brushout of the heavier grading st 
standard, 
W. = weight of paint on the brushout of the lighter grading standard. 0 
W; = weight of paint on the brushout of the sample paint, tt 


X = the contrast grading (decimal portion of the recorded grading), 
S; = the weight per gallon of the standard paint, and 
the weight per gallon of the sample paint. = 
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| this TENTATIVE METHOD OF TEST 


Tate FOR 
1 SPECTRAL APPARENT REFLECTIVITY OF PAINTS! 
ntire A.S.T.M. Designation: D 307 - 37 T _ 


The This is a Tentative Standard and under the Regulations of the Society is subject to 
jual revision. Suggestions for revision should be addressed to the Headquarters of the 
ed j Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED AS TENTATIVE, 1929; ADOPTED IN AMENDED Form, 1930; 
ith a REISSUED AS TENTATIVE, 1937. 


ae, in Scope 

ill be 1. This method determines spectral apparent reflectivity of paints 

Lo be relative to magnesium oxide. . 

es of 


Definitions 

2. (a) Reflectivity —Reflectivity is the ratio of the reflected to the 
incident energy for a paint of sufficient thickness so that any increase would 
fail to change this ratio. 

(b) Apparent Reflectivity~-Apparent reflectivity is the reflectivity 
which an ideal diffusing material would need to possess in order to yield the 
same appearance as the sample under the same illumination and viewing 
conditions. 


acent 
ards 
ding, 
as 10) 
this 
trast 
earer 
night 
dard Note.—The appearance of a painted surface is not completely defined by the terms 


Paragraphs (a) and (b), but may also be influenced by other properties, such as texture 
1 the nd gloss. 


. Apparatus 
pv 3. The apparatus shall consist of a spectrophotometer by means of 


which the spectral distribution curve of the apparent reflectivity of a given 
paint sample relative to magnesium oxide may, within the limits of the 
visible spectrum, be determined. Such apparatus may be of either visual 
lows: or photoelectric type, but shall be suitable for determinations throughout 
the visible spectrum. ‘The apparatus shall be so designed as to provide 
for the elimination of stray energy, by such means as the introduction of 
stray energy filters or the use of two dispersing prisms. 


Standard Reflecting Surface 

4. The standard of apparent reflectivity shall be a layer (at least 
dard. 0.5 mm. in thickness) of magnesium oxide, freshly prepared by collecting 
the smoke from burning magnesium ribbon or shavings on a suitable surface. 
ling), ' Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 


pnenittee D-1 on Paint, Varnish, Lacquer, and Related Products. ‘ 
us method is in effect a revision of and replaces the former Standard Method of Analysis for the Color 


discontinued in ' -— in Terms of Fundamental Physical Units (D 307 — 30), which standard was accordingly 
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Notre.—For further information regarding preparation of fumed standards, see Nation 
Bureau of Standards Letter Circular 395, ‘‘Preparation and Colorimetric Properties of 
Magnesium Oxide Reflectance Standard,” January 20, 1936. 


Illumination 


5. (a) The sample and standard shall be illuminated under identica 
conditions. 

(b) The manner of illumination shall be specified, stating whether thy 
illumination is diffuse, nearly diffuse, or nearly uni-directional. If nearh 
uni-directional, the direction and angular size of the source shall be specified 

(c) The direction and angular size of the viewing element shall be 
specified. 

Note.—This method (measurement of spectral apparent reflectivity relative t 
standard) serves to specify the optical properties of paint which are responsible for it 
color, subject, however, to the limitation that the color may depend upon the manner 
illumination and viewing. For glossy samples in particular it is important to specify 1 
manner of illumination and viewing, and the most essential single characteristic is whet 
or not the specular component of reflected energy is included in the measurement. § 
paint samples are customarily examined for color in such a way as to avoid specul 
reflected light as much as possible, it is recommended that in these measurements also, 
specular component be excluded by proper choice of illuminating and viewing conditior 
(such as 45-deg. illumination with perpendicular viewing, as recommended in 1931 by t 
International Commission on Illumination) or by application of a suitable correction. 
should be noted that the appearance of paint requires for its specification, in addition t 


the above, some measure of its gloss. Such a measure is beyond the intended scope of t! 
method. ; 


Calibrations 


6. (a) The calibration of the photometer scale, or other intensity 
measuring unit, shall be carefully checked at reasonable time intervals in a 
manner to insure accuracy over the entire range. 

(b) The accuracy of the wave length calibration shall be adequately 
checked at reasonable time intervals. 

(c) The slit-width shall be adjusted so that slit-width corrections are 


negligible; otherwise these corrections shall be applied. : 


Procedure 


7. (a) The sample shall be handled carefully to avoid discoloration, 


and care shall be taken not to touch the area to be tested. The condition 
of the sample before and after analysis shall be carefully noted and any 
change in the appearance of the surface of the tested area shall be recorded. 

(b) Determination of spectral apparent reflectivity relative to the 
standard shall be made throughout the visible spectrum at sufficiently close 
intervals that the curve drawn by interpolation would not be changed by 
taking further readings. 


Note.—Readings at 20 mu. intervals between 440 my. and 700 mu. are comally 
sufficient. Typical curves of flat and gloss paints in red, blue and gray are shown in Fig. |. 


(c) The paint on which spectral apparent reflectivity determinations 
are to be made, shall be applied to a given surface in a sufficient number of 
coats, so that any additional coats will not cause a change in appearance. 
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ona Record 
-_ g. The results obtained shall be preserved as a record. 
Rejection 
tical 9. If the sample undergoes a visible change during the analysis, the __ 


readings shall be rejected (see Section 7 (a)). 
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Fic. 1.—Typical Curves of Apparent Spectral Reflectivity. 
on, Report 
a 10. The report of the spectral apparent reflectivity of a paint sample 
7 shall consist of the following: 
“ (a) The characteristic spectral apparent reflectivity of the sample 
the relative to that of the standard, as specified in Sections 4 and 7. 
OSC 


be (6) The manner of illumination and manner of viewing, as specified 
yy in Section 5 (b) and (c). 
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TENTATIVE SPECIFICATIONS 
FOR 
GASOLINE! 
A.S.T.M. Designation: D 439 37T 
This is a Tentative Standard and under the Regulations of the Society is subject t 


annual revision. Suggestions for revision should be addressed to the Headquarters of th 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 193722 
Scope 

1. (a) These specifications are for the use of purchasing agencies in 
formulating specifications for purchases of gasoline under contract. 

(b) These specifications are not a definition of gasoline, nor do they 
include all types of gasoline or motor fuel satisfactory for motor vehicles 
Certain equipment or conditions of use may require fuels having special 
characteristics. Some trucks and buses, for example, may require lower 
vapor pressures and higher distillation temperatures than those included 
in these specifications. 

Types 


2. ‘Three types of gasoline are provided, as follows: 
Type A.—For use under normal conditions. 
_ Type B.—F¥or use where a gasoline of greater over-all volatility 
than Type A is desired. 
Type C.-For use where a relatively non-volatile fuel is desired. 


General 


3. These specifications state the required properties of gasoline at the 
time and place of delivery in bulk. They provide for an automatic varia- 
tion by the seller to meet the requirements of seasonal changes in temper- 
ature, depending upon the season and the locality in which the product 
is to be used. ‘This is done by providing three vapor pressures and 
10 per cent distillation points for each type specified and differentiating 
the use of these variations according to the months of the year and the 
geographical location by states. 


Detailed Requirements 


4. The three types of gasoline shall conform to the following requife- 
ments: 


__ | Under the standardization grocedupe of the Society, these specifications are under the jurisdiction 
the A.S.T.M. Committee D-2 on Petroleum Products and Lubricants. 


* Accepted for publication as tentative by Committee E-10 on Standards, March 30, 1937. _ 
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Distillation Temperature, max., deg. Fahr., of: Type A = B Type C~ 
140 
10 per cent evaporated 149 149 
158 158 
50 per cent evaporated 284 257 284 
90 per cent evaporated 392 350 392 
Residue, max., per cent 2 2 2 
3.3 13.5 
3.5 11.5 
9.5 9.5 
67 or 75" 67 or 75” 45> 
passes passes passes 
7° 
a d d 


167 


Sulfur. 
*W, F, and S denote the automatic seasonal variations indicated in Table I. 
bIn'all cases the octane number shall be agreed upon between the purchaser and the seller. In general, 
e following is applicable at the present time (1937): 
75 octane number, minimum, corresponds to premium-priced gasolines. 
67 octane number, minimum, corresponds to regular-priced gasolines. 
45 octane number, minimum, corresponds to less than regular-priced gasolines. 
€In the case of gasoline containing added non-volatile material, the gum requirement shall apply to 


base stock. 
4The technical data available do not afford an adequate basis for specifying maximum sulfur content. 


At the present time (1937), gasolines containing up to 0.25 per cent sulfur are distributed within the United 
dtates. 


5. The purchasing agency shall: 


(a) State the minimum octane number as agreed upon with the seller 


(Section 4, footnote “b’’), 
(b) Specify the volatility, Type A, B, or C, desired, and _ 
(c) Indicate the season and locality in which the fuel is to be used. 


Methods of Testing 

6. The requirements enumerated in these specifications shall be deter- 
mined in accordance with the following methods of test of the American 
Society for Testing Materials: 

(a) Distillation —Standard Method of Test for Distillation of Gasoline, 
Naphtha, Kerosine and Similar Petroleum Products (A.S.T.M. Designa- 
tion: D 

(b) Vapor Pressure.—-Tentative Method of Test for Vapor Pressure of 
Petroleum Products (Reid Method) (A.S.T.M. Designation: D 323 — 37 T).? 
(c) Octane Number.—Tentative Method of Test for Knock Character- 
istics of Motor Fuels (A.S.T.M. Designation: D 357 - 37 T).* 

(d) Corrosion.—Standard Method of Test for Detection of Free Sulfur 
“9 - Sulfur Compounds in Gasoline (A.S.T.M. Designation: 

130).4 

(e) Gum.—Standard Method of Test for Gum Content of Gasoline 
AS.T.M. Designation: D 381).5 
Ea M. Standards, Part IT, p. 870. 


vi Book “4 A.S.T.M. Standards, Part II, p. 973. 
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TABLE I.—ScHEDULE FOR GEOGRAPHICAL SEASONAL VARIATIONS, W, F, ann §. 


This schedule represents the time and place of use of the gasoline. 
d Shipments intended for future use may anticipate this schedule. 
Where alternative variations are indicated, the option shall be exercised by the seller. 


Territory 


Month 


March 


Section 1 


Section 2 


Section 3 


Section 4..... 


June | July 


SEcTION 1 
Idaho 
Iowa 
Maine 
Michigan 
Minnesota 
Montana 
New Hampshire 
North Dakota 
South Dakota 
Vermont 
Wisconsin 
Wyoming 


* 


SECTION 2 
Colorado 
Connecticut 
Delaware 
District of Columbia 
Illinois 
Indiana 
Kansas 
Kentucky 
Maryland 
Massachusetts 
Missouri 
Nebraska 
Nevada 
New Jersey 
New York 
Ohio 
Oregon 
Pennsylvania 
Rhode Island 
Utah 
Virginia 
Washington 
West Virginia 


@ North of 33 deg. latitude. 
6 South of 33 deg. latitude. — 


SecTION 3 
Alabama 
Arizona*® 
Arkansas 
California 
Georgia 


Mississippi 
Mexico* 
North Carolina 
Oklahoma 
South Carolina 
‘Tennessee 


Texas? 


SEcTION 4 
Arizona’ 
Florida 
Louisiana 
New Mexico! 
Texas? 


. Jan- | Feb- | MMM) April | May | es | Au- | Sep- | Octo-| No- | De. 
' uary | ruary gust |tember| ber |vember|cember 
W F S F 
| .| W W or F or | S S or F or | W _ 
F F W 7 
S F | F 
- : a .| W | or | or | or | or | S S S | or | F | or | of Spe 
F | F F wiw 
7 W F F S F Sco 
.| W or or or S S Ss S or F | or 
Ss Ss F W 
F F Ss Flas 
or or S S S S S or | or | F 
S S F F 
| | 
th 
ve 
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It 
i} 
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TENTATIVE METHOD OF TEST 
FOR 
DISTILLATION OF PLANT SPRAY OILS! 


A.S.T.M. Designation: D 447 - 37 T a 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the — 


Society, 260 S. Broad St., Philadelphia, Pa. a . 


IssuED, 1937. 
Scope 
1. This method is intended for use in the distillation of plant spray oils. 


Flask 
2. The distillation flask shall be a Saybolt distilling flask, the dimen- 
sions and permissible variations being as follows: 


TOLERANCES, 


CENTIMETERS INCHES cM. 
Diameter of bulb, outside.............seeeeees 8.57 3.37 +0.3 
Diameter of necks, 1.50 0.59 +0.1 
Over-all length, neck plus bulb..............+.4. 21.50 8.46 +0.3 
Diameter of vapor tube, outside................ 0.60 0.24 +0.05 
Diameter of vapor tube, inside.............+00- 0.40 0.16 +0.05 
Thickness of vapor tube 0.10 0.04 


The center of the vapor tube shall be 6.5 cm. + 0.3 cm. (2 56 in 
+(.12 in.) below the top of the neck. The tube is approximately in 
the middle of the neck and set at an angle of 75 deg., +3 deg., with the 
vertical. 


Condenser 


3. The condenser? shall consist of a ;-in. (14.29-mm.), outside diam- 
eter, No. 20 Stubbs Gage seamless brass tube, 22 in. (55.88 cm.) in length. 
It shall be set at an angle of 75 deg. with the vertical and shall be surrounded 
with a bath 15 in. (38.1 cm.) in length, approximately 4 in. (10.16 cm.) in 
width by 6 in. (15.24 cm.) in height. The bath shall be provided with 
suitable connections for circulating water through it. The lower end of 
the condenser tube shall be cut off at an acute angle, and curved downward 
fora length of 3 in. (7.62 cm.) and slightly backward so as to insure contact 
with the wall of the receiving graduate at a point approximately 1 to 1} in. 

2.54 to 3.18 cm.) below the top of the graduate when it is in position to 
tecelve the distillate. 


' Under the standardization i i i jurisdicti 
: procedure of the Society, this method is under the jurisdiction of the A.S.T.M 
Commnittes D-2 on Petroleum Products and Lubricants. ood 
thon of condenser conforming to these specifications is illustrated in the Standard Method of Test for Distilla- 
4 Cesctine, Naphtha, Kerosine, and Similar Petroleum Products (A.S.T.M. Designation: D 86) of the 
an Society for Testing Materials, see 1936 Book of A.S.T.M. Standards, Part II, p. 870. 
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Shield 


4. The shield' shall be made of approximately No. 22 gage sheet 
metal and shall be 19 in. (48.26 cm.) in height, 11 in. (27.94 cm.) in length 
and 8 in. (20. 32 cm.) in width, with a door on one narrow side, with two 
openings, 1 in. (2.54 cm.) in diameter, equally spaced, in each of the two 
narrow sides, and with a slot cut in one side for the vapor tube. The 
centers of hei four openings shall be 8} in. (21.59 cm.) below the top of 
the shield. ‘There shall also be three 3-in. (1.27-cm.) holes in each of the 
four sides with their centers 1 in. (2.54 cm.) above the base of the shield. 


Support 


5. The ring support may be of the ordinary laboratory type, 4 in. 
(10.16 cm.) or larger in diameter, and shall be supported on a stand inside 
the shield. There shall be two hard asbestos boards: One 6 by 6 by } in 
(15.24 by 15.24 cm. by 6.35 mm.) with a hole 23 in. (6.99 cm.) in diameter 
in its center, the sides of which shall be perpendicular to the surface; the 
other, an asbestos board to fit tightly inside the shield, with an opening 
4 in. (10.16 cm.) in diameter concentric with the ring support. These shall 
be arranged as follows: The second asbestos board shall be placed on the 
ring and the first or smaller asbestos board on top so that it may be moved 
in accordance with the directions for placing the distilling flask. Direct 
heat shall be applied to the flask only through the 23-in. (6.99-cm.) opening 
in the first asbestos board. There shall also be provided a cover of {-in. 
hard asbestos board for the shield in two pieces so formed as to fit tightly 
around the neck of the distillation flask. 


Heater 


The burner shall be so constructed that sufficient heat can be 
obtained to distill the product at the uniform rate specified below. The 
flame should never be so large that it spreads over a circle of diameter 
greater than 43 in. (11.43 cm.) on the under surface of the asbestos board. 
A sensitive regulating valve and gas pressure governor are desirable adjuncts, 
as they give complete control of heating. 


Thermometer 


The A.S.T.M. high-distillation thermometer, conforming to the 
requirements specified in Section 6 (b) of the Standard Method of Test for 
Distillation of Gasoline, Naphtha, Kerosine, and Similar Petroleum Products 
(A.S.T.M. Designation: D 86) of the American Society for Testing 
Materials,” shall be used. 


1 A shield conforming to these specifications is illustrated in the wiety Method of Test for Distillation 
of Gasoline, Naphtha, Kerosine, and Similar Petroleum Products (A.S.T.M. Designation: D 86) 
American Society for Testing Materials, see 1936 Book of A.S.T.M. Standards, Part II, p. 870. 
2.1936 Book of A.S.T.M. Standards, Part II, p. 870. - 
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Graduate 


g, The graduate shall be of the cylindrical type, of uniform diameter, 
with a pressed or molded base and a lipped top. ‘The cylinder shall be 
sraduated to contain 100 ml. and the graduated portion shall be not less — 
than 7 in. (17.78 cm.) nor more than 8 in. (20.32 cm.) in length. It shall 
be graduated in single milliliters and each fifth mark shall be distinguishe 


It shall be numbered from the bottom at intervals o 


24.8 cm.) nor more than 10} in. (26.0 cm.). The graduations shall not 


be in error by more than 1 ml. at any point on the scale. _ _ 
Procedure 


9. (a2) The condenser tube shall be swabbed to remove any liquid 
remaining from the previous test. A piece of soft, lint-free cloth attached © 
toa cord or copper wire may be used for this purpose. 
(b) Exactly 100 ml. of the sample at a temperature of 70 to 80 F. (21. 
to 27 C.) shall be measured into the 100-ml. graduate. The sample shall 
then be poured into the distilling flask allowing the cylinder to drain 30sec. 
The cylinder shall then be placed in a boiling-water bath for approxi- 
mately 1 min., after which the remaining oil shall be drained into the 
distilling flask for 30 sec. pe 
(c) The thermameter, provided with a cork, shall be fitted tightly into 
the neck of the flask so that the bulb will be in the middle of the neck and, © 
so that the lower end of the capillary tube is on a level with the inside of _ 
the bottom of the vapor outlet tube at its junction with the neck of the flask. 
(d) The flask shall be placed over the 23-in. (6.99-cm.) opening in the — 
asbestos board with the vapor outlet tube inserted into the condenser tube. — 
A tight connection shall be made by means of a cork through which the 
vapor tube passes. ‘The position of the flask shall be so adjusted that the 
vapor tube extends into the condenser tube not less than 1 in. (2.54 cm.) 
nor more than 2 in. (5.08 cm.). The neck of the distillation flask shall 
extend 2,; in. (5.50 cm.) above the cover of the shield. 
(e) A clean, dry, graduated cylinder shall be placed at the outlet of 
the condenser tube in such a position that the condenser tube shall extend 
into _ graduate approximately 1 in. (2.54 cm.) but not below the 100-ml. 
mark. 
(f) When everything is in readiness, water shall be circulated through 
the condenser bath at such a rate that the water overflowing the condenser 
shall be at a temperature of approximately 140 F. (60 C.). ‘The shield shall 
»€ covered with an asbestos-board cover during the distillation. Heat shall 
then be applied to the contents of the flask at a uniform rate, so regulated 
that the first drop of condensate falls from the condenser in not less than 
10 nor more than 15 min. When the first drop falls from the end of the 
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condenser tube, the reading of the distillation thermometer shall be recorded 
as the initial boiling point. ‘The oil shall be allowed to drop directly int 
the cylinder and shall not flow down the side. The heat shall then be ; 
regulated that the distillation proceeds at a uniform rate of not less thay 
4 nor more than 6 ml. per min. The vapor temperature shall be read 
every 5 ml. of condensate collected, the volumes being read at the temper 
ature at which the oil is received in the graduate. The volume of co; 

densate collected at any specified temperature shall also be read and 
recorded. 

(g) The distillation shall be continued until 95 per cent of the samp! 
has been distilled, unless cracking occurs. Cracking will be evidenced by 
an increase in the distilling rate with a thermometer reading that may 
advance very slowly, remain stationary, or recede, and an effort to adjust 
the distilling rate will usually result in a decided drop in the temperature 
reading. Should cracking occur, the distillation shall be immediately 
stopped, the temperature and volume of condensate being read and recorded. 


Reproducibility of Results 


10. With proper care and strict attention to details, duplicate deter- 
minations by the same operator should agree within +1 per cent of con- 
densate on the basis of the original sample at specified temperatures above 
600 F. (315 C.). Determinations by different operators should agree 

within + 1.5 per cent. 
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Approved as 
AMERICAN TENTATIVE STANDARD 
by the American Standards Association 
A.S.A. No.: 211.37-1937 


TENTATIVE METHOD OF TEST 
FOR 
KNOCK CHARACTERISTICS OF MOTOR FUELS! 
A.S.T.M. Designation: D 357-37 T- 
This is a Tentative Standard and under the Regulations of the Society is 


subject to annual revision. Suggestions for revision should be addressed to the 
Headquarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1933; REVISED, 1934, 1936, 1937. 
Scope 
1. This method is intended for determining the knock character- 
istics, in terms of an arbitrary scale of octane numbers, of gasolines 
and equivalent fuels for use in spark-ignition engines, other than 
engines for aircraft. 


A.S.T.M. Octane Number 


2. The A.S.T.M. octane number of a motor fuel is the whole 
number nearest to the octane number (Note 1) of that mixture of 


isooctane with normal heptane which the motor fuel matches in 
knock characteristics when compared by the procedure specified 
herein. 


Note 1.—Octane number is defined by and is numerically equal to the per- 
centage by volume of isooctane (2,2,4-trimethylpentane) in a mixture of isooctane 
and normal heptane, used as a primary standard for measurement of knock char- 
acteristics. Thus, by definition, normal heptane has an octane number of zero 
andisooctaneof 100. 


APPARATUS 
Apparatus 


3. The knock-testing unit described in this section shall be 
used without modification. The engine shall be known as the 
“C.F.R. Engine” and shall be marked? by plate or other approved 
means with a combination of the respective emblems of the American 


' This method heretofore known as the C.F.R. Motor Method is based on the apparatus and 
procedure developed by the Cooperative Fuel Research Committee, composed of representatives of 
the American Petroleum Institute, National Automobile Chamber of Commerce, Society of Automo- 
tive Engineers and U.S. Bureau of Standards, who have been studying this problem since 1928. 

Under the standardization procedure of the Society, this method is under the jurisdiction of the 
AS.T.M. Committee D-2 on Petroleum Products and Lubricants. 

7 At present the sole authorized manufacturer of the C.F.R. Engine is the Waukesha Motor Co., 
Waukesha, Wis. Other manufacturers may be approved in the future, but testing laboratories should 
not purchase engines except from Waukesha Motor Co. without ascertaining whether such engines 
a been approved. Inquiries in this connection should be directed to Mr. R. P. Anderson, secretary 
of Committee D-2 on Petroleum Products and Lubricants, 50 West 50th St., New York City. 
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Society for Testing Materials and the Cooperative Fuel Research 
Committee, thus: 


4 


The apparatus shall consist of a continuously-variable-compres- 
sion motor together with suitable loading and accessory equipment 
as follows: 

(a) Engine.—Continuously-variable-compression, one-cylinder, 
with dimensions as follows: 

Bore, in 25 
Stroke, in .50 
37. 
Valve diameter, in. clear 

Connecting-rod bearing: 


Front main bearing: 
diameter, in 
length, in 
Rear main bearing: 
diameter, in 
length, in 
Piston pin, floating, diameter, in 
Connecting rod, center to center, in 
Timing gear face, in 
Piston rings, number 
Exhaust pipe, diameter, in 
Spark plug, size, mm 
Weight of engine, lb. (approximate) 
Weight of complete unit, lb. (approximate) 


(b) Crankshaft——Fully machined, heat-treated, and counter- 
balanced. 

(c) Crankcase.—Cast iron, with rigid end walls. 

(d) Connecting Rod.—Rifle-drilled, S.A.E. No. 1045 steel, heat- 
treated, bearing alloy cast directly into big end. 

(e) Main Bearings.—Renewable sleeve bushings, babbitt-lined. 

(f) Valves.—Silcrome. Inlet valve with specially designed 
shroud. 
(g) Push Rods.—Mushroom type with lock-nut adjustment. 
(h) Cylinders —Cast of iron alloy, bored and honed, Brinell 
hardness, 220 + 20. 

(i) Cylinder Head.—Integral with cylinder. 

(7) Cooling System.—Evaporatively cooled. 
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(k) Lubrication.—Pressure feed to main connecting-rod, piston- 
pin, and camshaft bearings, and to idler gear stud and gears. 

(1) Oil Heater and Thermometer.—Electric heater in base to bring 
oil to operating temperature quickly, and a thermometer on the in- 
strument panel to indicate when equilibrium temperature has been 
reached. 

(m) Ignition.—May be either a battery system or a magneto. 
A neon-tube spark indicator is built into the engine. Spark advance 
is automatically adjusted as the compression ratio is changed. 

(n) Carburetor..—A special C.F.R. multiple-bowl carburetor is 
furnished. The carburetor has a fixed fuel jet, and each float bowl is 
individually adjustable for level with respect to the jet for varying 
mixture ratio. Fuel containers are furnished with the carburetor. 

(0) Mixture Heater.—As supplied by manufacturer, consisting of 
(1) a manifold, (2) an electric immersion heater and rheostat for 
controlling mixture temperature and (3) a special mercury stem 
thermometer of suitable range, so mounted that the bulb is centered 
in the mixture stream to indicate the mixture temperature. 

(p) Instruments.—Knock intensity is measured by a bouncing pin, 
in conjunction with a knockmeter. (The knockmeter is a damped hot- 
wire ammeter which indicates the effective current in the circuit, thus 
permitting instantaneous readings.) Current is supplied from a small 
direct-current generator, belt-driven from the power-absorbing unit. 

(q) Power-Absorbing Unit.—The engine is connected by V-type 
belts to an electric generator. This preferably should be an induction 
motor with synchronous characteristics but may be any electric — 
generator capable of maintaining proper operating conditions. In 
most cases the electric generator will act as a starting motor to crank 
the engine, but if a direct-current generator is used and no outside 
source of current is available, the engine may have to be cranked 
by hand. 

(r) Complete Unit.—The complete unit may be obtained with 
the engine, generator, and panel board mounted on a cast-iron base 
plate. All necessary instruments and accessories are furnished with 
the unit. 

Foundation 


4. The foundation shall be of concrete and at least 18 in. high. 

If possible, it should be prepared by pouring on a concrete floor. 

Proper dimensions will be furnished with the engine. For convenience 

in operation, the foundation should be placed at least 2 ft. from any 

'The use of knock-testing apparatus equipped with the carburetor described in the 1933 edition 


of the method (Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 746 (1933); also 1933 Book 
of A.S.T.M. Tentative Standards, p. 540) is permissible. 
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wall. Should the floor of the building on which the engine is to be 
installed be other than portland-cement concrete, the floor should be 
cut away so that the engine foundation will rest directly on the 
ground. In such case the bearing area of the foundation will depend 
upon the condition of the underlying soil and should be such as to 
give ample footing. 

Reference Fuels 


5. (a) Primary Reference Fuels——The primary! reference fuels 
shall be isooctane (2,2,4-trimethylpentane), and normal heptane. 
Both shall be certified for suitability as primary reference fuels by 
the National Bureau of Standards (Note 1). 

(b) Secondary Reference Fuels—To insure a greater degree of 


_ reproducibility in testing, it is preferable to use secondary? reference 


fuels which have been properly calibrated against the primary reference 
fuels on a large number of engines. Such secondary reference fuels 
may be straight-run or other stable gasolines suitable for the purpose. 
One of the reference fuels should be of low knock rating and the other 
of high knock rating. These secondary reference fuels shall be cali- 
brated against normal heptane and zsooctane. The calibration shall be 
expressed in terms of the octane-number scale, shall be based on results 
by this method from at least ten laboratories, and shall be certified 
by the National Bureau of Standards (Note 2). 

Note 1.—For the present this certification consists of tests made by the 
Bureau of Standards on each batch of normal heptane or isooctane prepared 
respectively by the two companies mentioned,' with certificates issued to these 
companies authorizing them to guarantee to the purchaser that the material 


shipped is a part of a batch so tested and to quote the results of the Bureau of 
Standards’ tests. 

Note 2.—For the present this certification is based on tests made by members 
of the C.F.R. Motor Fuels Committee on samples from each batch of secondary 
reference fuels, and on blends of the high and low secondary fuels against blends of 
isooctane and normal heptane. A certificate is then issued to the producers author- 
izing them to guarantee to the purchasers that the material shipped is a part of a 
batch so tested, and to quote the results of the tests. 


Standard Operating Conditions 

6. The engine shall be run under the following standard con- 
ditions: 

(a) Engine Speed.—900 r.p.m. +3 r.p.m. 

(b) Jacket Temperature.—Constant within +1° F. (0.6° C.) and 
at a temperature between the limits of 205 and 215° F. (96 and 
102° C.). 


1 At present, isooctane may be obtained from Rohm & Haas Co., 222 W. Washington Square, 
Philadelphia, Pa., and normal heptane from the California Chemical Co., 220 Bush Street, San 
Francisco, Calif. 

2 Such secondary reference fuels are commercially available through the Standard Oil Company of 
New Jersey with calibration curves as determined in accordance with this method, giving octane num- 
bers for these fuels blended with each other. They may be ordered from the Standard Oil Develop- 
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(c) Cooling Liquid.—Distilled water, rain water, or ethylene- 
glycol solution when necessary at high altitude. 

(d) Crankcase Lubricating Oil.—S. A. E. 30. 

Note.—The viscosity range of crankcase lubricating oil, S.A.E. 30, is from 
185 to 255 seconds when determined on the Saybolt Universal viscosimeter at 
130° F. (54.4° C.), in accordance with the Standard Method of Test for Viscosity 
by Means of the Saybolt Viscosimeter (A.S.T.M. Designation: D 88) of the Ameri- 
can Society for Testing Materials. 

(e) Oil Pressure—25 to 30 lb. per sq. in. under operating 
conditions. 

(f) Oil Temperature.—The electric oil heater shall be used only to 
raise the oil temperature rapidly to the equilibrium operating tempera- 
ture, normal operation maintaining the equilibrium thereafter. By 
“equilibrium” is meant that steady temperature attained by the oil 
upon continuous operation of the engine without the use of the heater. 

(g) Valve Clearances.—Intake 0.008 in., cold; exhaust 0.010 

in., cold. 
(h) Spark Advance.—Automatically controlled: 
26.0 deg. at 5:1 compression ratio (basic setting) ; oe 
22.0 deg. at 6: 1 compression ratio; 
19.0 deg. at 7: 1 compression ratio. 


(i) Breaker-Point Clearance.—Battery system 0.015 in.; mag- 
neto 0.020 in. 

(j) Spark Plug.—Shall conform to the standard metric plug 
having the tolerances and thermal characteristics equal to the No. § 
spark plug furnished by the Champion Spark Plug Co., Toledo, 
Ohio. Gap setting, 0.025 in. 

(k) Throttle Opening.—All tests shall be conducted with the 
throttle opening at the point of maximum volumetric efficiency, 
approximately 90 on the throttle scale. 

(l) Carburetor Adjustment.—For maximum knock. 

(m) Exhaust Pipe. —A separate exhaust pipe should be used for 
each engine. This pipe should be made from 1}-in. pipe having a 
maximum of two ells with a total length not to exceed 20 ft. The 
use of a short straight-through muffler of 1}-in. diameter passage for 
prevention of noise is permissible. 

(n) Mixture Temperature—The mixture temperature shall be 
maintained at 300° F. +2° F. (149° C. +1.1° C.) as indicated by 
the mercury stem thermometer. 


(0) Bouncing Pin Assembly.—The gap setting shall be 0.003 in. 
to 0.005 in. 


‘1936 Book of A.S.T.M. Standards, Part II, p. 982. 
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Note.—The following instructions for setting of the bouncing-pin contacts 
should be used: With the daily inspection, observe the contact points and electrical 
connections to see that the points are smooth and that all the connections are 
tight. The gap setting should be checked (0.003-in. to 0.005-in.). The flat spring 
of the lower contact should touch the insulated pin with slight pressure. Too 
much pressure will reduce its sensitivity. To adjust the pressure accurately, set 
the points with 0.003-in. to 0.005-in. clearance. Then remove the diaphragm 
and bouncing pin. Bend the lower spring until there is from ¢-in. to yy-in. gap 
between the points. Remove the upper stop-adjusting screw and bend the upper 
spring until there is #;-in. gap between the points. Check the tension on the smal] 
plunger spring in upper stop-adjusting screw and see that it has from 1- to 1}-lb. 
initial tension. This can be measured by pressing it against any convenient plat- 
form scale. The pin should then be re-assembled and the adjusting screw set to 
give 0.003-in. to 0.005-in. gap between the points. The final adjustment is made 
by setting the clearance so that a knockmeter reading between 50 and 60 is obtained 
when operating the engine at the proper knock intensity. 


PROCEDURE 

Starting and Stopping the Engine 

7. While the engine is being turned over by electric motor the 
ignition shall be turned on and the carburetor set so as to draw fuel 
from one float bowl. To stop the engine the fuel and the ignition 
switch shall be turned off and then the motor shall be stopped by 
means of the push-button switch. To avoid corrosion of valves 
and seats between operating periods the engine should be turned over 
by hand until both valves are closed. eis 4 
Preliminary Adjustment of Compression Ratio en 

8. Using a mixture of 65 parts of isooctane and 35 parts of 
normal heptane, the compression ratio for first audible knock shall be 
obtained by increasing the compression ratio, by increments of two 
turns of the crank, from a point where there is no knock to the com- 
pression ratio at which audible knock is first detected. The proper 
knock intensity for use in making knock ratings shall be the knock 
intensity obtained with the mixture of 65 parts of isooctane and 
35 parts of normal heptane when the compression ratio is increased 
one unit over that compression ratio giving first audible knock. 
Then the numerical indication of knock intensity obtained from 
the knockmeter shall be recorded. This procedure is necessary for 
the first adjustment only. 

Notz.—This knock intensity should be equivalent to the intensity obtained 
with a mixture of 65 per cent of isooctane and 35 per cent of normal heptane at 4 
compression ratio of 5.3 0.05 to 1 when testing at a barometric pressure of 760 mm. 

For subsequent tests on fuel samples the compression ratio shall 
be set to duplicate the knock intensity as recorded above, provided 
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time. In no case shall the knock intensity be such that the engine 
does not cease firing when ignition is interrupted. 


Outline of Procedure 

9, The octane number of a fuel shall be ascertained by comparing 
the knock intensity for the fuel with those for various blends of the 
reference fuels until two blends differing in knock rating by not more 
than two octane numbers are found, one of which gives a higher knock 
intensity than the fuel and the other a lower knock intensity. The 
knock intensity shall be measured by a bouncing-pin indicator in 
conjunction with a knockmeter. 

Before the test sample and the blends of the reference fuels can 
be compared, the compression ratio must be set to give the proper 
knock intensity and the carburetor adjusted to give the maximum 
knock for each fuel. 


Adjustment of Carburetor for Test Fuel 


10. Using the fuel whose knock rating is to be determined, the 
carburetor shall be adjusted as follows: After one float bowl of the 
carburetor has been filled with the fuel of which the octane number is 
to be determined, adjustment shall be made to obtain maximum 
knock by raising and lowering the level of the float bowl and noting 
whether the knockmeter reading increases or decreases. ‘The float 
bowl shall then be moved in the direction in which the knock in- 
creases until the knock passes through a maximum. ‘This point shall 
be checked three times and the float bowl set at the position of maxi- 
mum knock. ‘The knockmeter needle shall be allowed to reach 


equilibrium after each adjustment of the float-bowl level. _ Oo 
Final Adjustment of Compression Ratio oo 7 


ll. Finally, adjust the compression ratio to give the same 
teading on the knockmeter when using the fuel under test as was 
obtained in the first adjustment under Section 8. 

12. A trial blend! of the low-octane-number reference fuel and 
the high-octane-number reference fuel, based on the expected knock 
rating of the fuel sample under test, shall be placed in another car- 
buretor float bowl and the engine run on this trial blend. The 
level of this float bowl shall then be adjusted to the maximum knock 
position in a manner similar to that described in Section 10. 

Octane Number Determination 


? 13. With the carburetor set for the air-fuel ratio of maximum 
‘nock, alternate series of readings of knock intensity shall be taken on 
the fuel under test and on a reference fuel blend. The knockméter 
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needle shall be allowed to reach equilibrium before the final reading 
is recorded. 

At least 3 alternate series of readings shall be taken on each fuel. 
After changing from one fuel to another, at least 1 minute shall be 
allowed for the engine to reach equilibrium. With some fuels an 
appreciably longer time interval may be required. If the average 
knock intensity of the fuel sample is higher than the average of the 
reference fuel blend, the test shall be repeated with a blend containing 
a decreased proportion of the high-octane-number reference fuel.’ 
The test shall be continued in this manner until the knock intensity 
for the fuel sample is definitely higher than one blend and lower than 
another blend of the reference fuels. The difference between these 
two final reference fuel blends shall be not more than two octane 
numbers. 


CALCULATION 
Calculation 


14. The knock rating of the fuel sample shall be obtained by 
interpolation from the figures so recorded and the nearest whole 
number shall be reported as A.S.T.M. octane number. 


Check of Test Conditions 
15. Test conditions shall not be regarded as standard unless a 


blend by volume of 65 per cent isooctane and 35 per cent normal 
heptane is matched under the specified procedure by a blend by 
volume of 68 +1 per cent one-degree benzene with 32 +1 per cent 
normal heptane. At atmospheric pressure of 760 mm. a compression 
ratio of approximately 5.3:1 is correct for this determination. Sub- 
stantial variations in atmospheric pressure will change the compres- 
sion ratio required. 


Note 1.—For routine checking purposes, one-degree benzene and secondary 

reference fuels may be used. 

Note 2.—“One-degree” benzene? is a commercial product conforming to 

the following requirements: 
(a) Boiling range not greater than 1° C., embracing the boiling point of chemi- 
cally pure benzene. 

(b) Specific gravity of from 0.882 to 0.886, when determined in accordance 
with the Standard Method of Test for Gravity of Petroleum and Petroleum 
Products by Means of the Hydrometer (A.S.T.M. Designation: D 287) of the 

. American Society for Testing Materials.* 

(c) Free from hydrogen sulfide, carbon disulfide and thiophene. 

(d) Free from turbidity, with color not darker than a solution of 3 mg. of potas 
sium dichromate in 1 liter of water when compared in 50-ml. Nessler tubes. 


1 When changing fuels in the containers, the fuel in the container shall be drained completely by 
means of the drain-cock provided. A small portion of the new fuel shall be allowed to flow throug! 
the line before closing the drain-cock. 

2“One-degree” benzene may be procured from The Barrett Co., 40 Rector St., New York City. 
/ 31937 Supplement to Book of A.S.T.M. Standards, p. 121. 
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ACCURACY 
Accuracy 
16. Results obtained by this procedure with different Cc. F. F. RR. 
engines and in different laboratories should differ by not more than 
two octane numbers. 

While the accuracy of this method is as above stated, its sensi- 
tivity may permit detection of differences as small as 0.2 octane 
number when alternate readings of knock intensity are taken on the 
two fuels as directed in Section 13. SO 


MAINTENANCE 
Maintenance 


17. It is recommended that a systematic inspection of the testing 
apparatus be carried out with the utmost care after each 50 hours of 
operation. The following points should be emphasized: 

(a) Bouncing Pin.—Lack of sensitivity, fluctuating knockmeter 
reading, or irregular gas evolution may indicate diaphragm trouble. 
The diaphragm retaining nut should be tightened and any carbon ac- 
cumulation removed. If this does not correct the condition, the 
diaphragm may have deteriorated and may need to be replaced. 

(b) Breaker Points—If necessary, pits should be removed and 
breaker-point clearance adjusted. 

(c) Spark Plugs.—The porcelain should be carefully inspected for 
cracks, and defective plugs replaced. The spark gap shall be care- 
fully checked and adjusted if necessary. When plugs are re-used any 
carbon deposit on the metal body of the plug or on the electrodes 
shall be removed mechanically before making gap adjustments. 

(d) Fuel System.—Any foreign matter in the fuel containers, float 
bowls, lines, or carburetor shall be removed. Blowing with air and 
then flushing the fuel system with gasoline or benzol is a convenient 
method. 

(e) Cooling System.—Any leaks revealed by inspection shall be 
repaired. 

(f) Combustion Chamber.—Carbon deposits shall be removed by 
scraping. 

(g) Compression Pressure-—The cause of any abnormal change 
between inspections shall be investigated and corrected. 

(h) Valves.—Valves shall be removed and reground unless there 
is a continuous polished line of contact on both the valve and the 
valve seat. After reassembling, the valve-tappet clearances shall be 
carefully adjusted. 


(¢) Piston Rings——Carbon shall be removed from rings and 
grooves. 


(j) The intake manifold and heater blades shall be inspected 
and cleaned if necessary. 
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TENTATIVE METHOD OF TEST 
FOR 


VAPOR PRESSURE OF PETROLEUM PRODUCTS (REID 


A.S.T.M. Designation: D 323 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of th: 
Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1930; REVISED, 1931, 1932, 1935, 1937. 
Scope 
1. This method is intended for the determination of the vapor pres 
sure of volatile, non-viscous petroleum products. 


Note.—Two sampling edures are described in this method, one for products 
having vapor pressures of 26 lb. or less and the other for products of higher vapor pressures. 
Sections 10 to 15, inclusive, shall be followed for products in the first group, and Sections 
10, 21 and 22 for products in the second group. In case of doubt, the maximum vapar- 
pressure specification of the product to be tested shall determine which sampling procedure 
to employ without regard to the numerical value obtained in the test. 


APPARATUS 
Vapor-Pressure Bomb 


2. The vapor-pressure bomb consisting of two sections or chambers 
an upper section, or air chamber, and a lower section, or gasoline chamber 
shall conform to the following requirements: 

(a) Air Chamber.—The upper section, or air chamber, shown in Fig. 1, 
shall be a cylindrical vessel 2 to 2} in. in diameter and 10 in. +} in. in 
length, inside dimensions. In one end of the air chamber a }-in. standard 
pipe thread shall be tapped, to receive the gage coupling. Other means 
of connecting the air chamber with the pressure gage may be employed, 
provided the requirements of Paragraphs (e) and (f) are fulfilled. In the 
other end of the air chamber an opening approximately } in. in diameter 
shall be provided for purposes of coupling with the gasoline chamber. 
The nature of this opening will depend upon the method of coupling em 
ployed. The air chamber must drain completely from either end when 
held in a vertical position and for this reason the ends may be slightly 
convex. 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the AS.T.M 
Committee D-2 on Petroleum Products and Lubricants. ; £ Test for Vi 

This method comprises a consolidation of, and replaces the former Tentative Method o — Mi tiot 
Pressure of Natural Gasoline (Reid Method) (A.S.T.M. Designation: D 323 - 32 T) and the Tenta OD all- 
of Test for Vapor Pressure of Motor and Aviation Gasoline (Reid Method) (A.S.T.M. Designation: 


35 T), which methods were accordingly discontinued in 1937. 
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(b) Gasoline Chamber.—The lower section, or gasoline chamber, shown 
in Fig. 1 (a), shall be a cylindrical vessel of the same inside diameter as the 
air chamber and 23 in. + 7g in. in inside length. In one end of the gasoline 
chamber an opening approximately 3 in. in diameter shall be provided for 
purposes of coupling with the air chamber. The nature of this opening 
will depend upon the method of coupling employed. ‘The other end of 
the gasoline chamber shall be completely closed. The gasoline chamber 
must drain completely when inverted and for this reason the top may be 
slightly convex. 


(d) Gage 45-55" Dia. 
--4 Gage Coupling 
x3 Bushing 


(c) Air Chamber 
ye 
of 
1a. 


J 


Ib. 
Water Pressure 


F Gate Valve 
3X2 Bushing-._ ~$'«2"Nipple 
Bush 


(a)Gasoline Chamber with (b) Gasoline Chamber with 
One Opening Two Openings 


Fic. 1.—Vapor-Pressure Bomb, Screw-Coupling Type. 


(c) Gasoline Chamber for Sampling from Closed Vessels.—For this use 
the lower section, or gasoline chamber, shown in Fig. 1 (0), shall be the 
same as described in Paragraph (6) except that a }-in. needle valve shall 
be attached near the bottom of the gasoline chamber and a }-in. gate 
valve shall be introduced in the coupling between the chambers as illus- 
trated in Fig. 1 (b). The vertical dimensions of the gasoline chamber 
proper in Fig. 1 (6) shall be such that the assembly fulfills the require- 
ments of Paragraph (e) for the type of construction illustrated. The 
type of gasoline chamber shown in Fig. 1 (6) may be used for immersion 
sampling. 

(d) Method of Coupling Air and Gasoline Chambers.—Any method of 
coupling the air and gasoline chambers may be employed, for example, a 
simple thread, a union, or a clamp. The sole provision in this respect is 
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: the assembly shall be free from leaks under the conditions of tes, tye: E 
Responsibility for freedom from leaks rests with the user. LiquiD: 
(e) Volumetric Capacity of Air and Gasoline Chambers.—The ratio ¢j TOTAL 
the volume of the air chamber to the volume of the gasoline chamber shal - 
be between the limits of 3.8 and 4.2. To determine the volume of the air | pus: ( 
chamber, insert a j-in. plug in the gage coupling, invert the chamber, {il 
with water up to and including the portion of the coupling device attached 9 pjstan 
permanently to the air chamber and then carefully measure the volume of m.. 
water. ‘To determine the volume of the gasoline chamber, fill with water mn 
up to and including the portion of the coupling device attached permanently -“ 
to the gasoline chamber, and then carefully measure the volume of water EXPANS 
| (f) Checking for Freedom from Leaks.—Before placing new apparatus me. 
in service and as often as necessary thereafter, the assembled vapor-pressure Tor F. 
bomb shall be checked for freedom from leaks by filling with air to 100-b. wa 
gage pressure and completely immersing in a water bath. Only apparatus be 
which will stand this test without leaking shall be used. — 


Pressure Gage 


3. (a) The pressure gage shall be a Bourdon-type spring gage of test- 

gage quality 4} to 5} in. in diameter. The range of the pressure gage 

tee shall be governed by the vapor pressure of the sample being tested, 
as follows: 


Vapor PREssuRE, GAGE To BE UsEb* Air C 
LB, PER - IN. NUMBERED INTERMEDIATE 
aT 100 F. SCALE RANGE INTERVALS GRADUATIONS 
0 to 15 lb. 3 Ib. 0.1 Ib. shall 
mind 0 to 45 Ib. 0.2 Ib. 
0 to 60 lb. 10 lb. 0.25 Ib. 
0to100lb. 10lb. 0.51b. 
: ® A gage of 0 to 30-lb. range, 5-lb. numbered intervals and 0.2-lb. intermediate graduations may be used Rant 
_ for products of from 10 to 26-lb. vapor pressure. i 
STEM 
(b) Only accurate gages shall be continued in use. _ 
4. A cooling bath shall be provided of such dimensions that the sample Scat 
containers and gasoline chambers may be completely immersed. Means 
for maintaining the bath at a temperature of 32 to 40 F. shall be provided. Chi 
Water Bath 
5. The water bath shall be of such dimensions that the vapor-pressure 1s 
bomb.may be immersed to at least 1 in. above the top of the air chamber. fo 
Means for maintaining the bath at a constant temperature of 100 F. +(0,.2F. = 
shall be provided. 
-Water-Bath Thermometer tai 
6. The thermometer for measuring the water-bath temperature shall sic 
conform to the following requirements: = 


Tes 

CALE 
STAND 
CASE: 

a 
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mp: Mercury. 
Lagu SUBDIVISIONS: Range 94 to 108 F., subdivisions in 0.2 F. 


RANGE AND ’ 

TOTAL LENGTH: 252 to 256 mm. (9.92 to 10.08 in.). : , 

Srem: Plain front, back, suitable thermometer tubing. Diameter, 6 to 7mm. 
0.24 to 0.28 in.). 

Bug: Corning normal or equally suitable thermometric glass. 

Length, 25 to 35 mm. (1.0 to 1.4 in.). 
Diameter, not less than 5 mm. (0.20 in.) and not greater than that of stem. 

DistaNCE TO LOWEST SPECIFIED GRADUATION FROM Bottom OF BULB: 135 to 150 mm. 
(5.3 to 5.9 in.). 

DISTANCE to HiGHEST SPECIFIED GRADUATION FROM ToP OF THERMOMETER: 20 to 35 
mm. (0.8 to 1.4 in.). 

ConTRACTION CHAMBER: To be of long narrow type, top to be not more than 60 mm. 
(2,36 in.) above bottom of bulb, mercury to stand in contraction chamber at 32 F. 

EXPANSION CHAMBER: To permit heating the thermometer 90 F. above highest tempera- 
ture on scale, and in all cases to permit heating to 212 F. 

ApovE Mercury: Nitrogen gas. 

Top FinisH: Glass ring. 

SRADUATION: All lines, figures and letters clear cut and distinct. The first and each 
succeeding 1 F. line to be longer than the remaining lines. Graduations to be num- 
bered at each multiple of 2 F. 

IumersION: Total. 

peCcIAL MARKING: The A.S.T.M. Reid-vapor-pressure test point of 100 F. to be numbered 
in red, other graduations and figures in black. A serial number and the manufacturer's 
name or trade mark shall be etched on the stem. 

ScaLE Error: The error at any point of the scale shall not exceed 0.2 F. 

STANDARDIZATION: The thermometers are to be standardized for the condition of total 2 
immersion. Correction for emergent stem shall not be applied. 

Case: Each thermometer shall be supplied in a suitable case on which shall appear the 
marking ‘“A.S.T.M. Reid-Vapor-Pressure Thermometer.” 


Air Chamber Thermometer 
7. The thermometer for measuring the temperature of the air chamber | 


shall conform to the following requirements: “  § 
Tyre: Etched stem, glass. 
Liquip: Mercury. 


TotaL LENGTH: 254 to 305 mm. (10.0 to 12.0 in.). 


—— SUBDIVISIONS: Range —40 F. or —30 F. to + 120F. or + 130 F.; subdivisions te 
in 


teM: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 to 7 mm. — 
(0.24 to 0.28 in.). 


Bus: Corning normal or equally suitable thermometric glass. 


Length, not over 25 mm. (1.0 in.). 
IMMERSION: Total. 


Scale Error: The error at any point of the scale shall not exceed 0.5 per cent of the > 
scale range. 


Chilled Sampling Apparatus 

__ 8. The chilled sampling apparatus shall consist of a bath of sufficient 
‘ize to accommodate both the sample container and a cooling coil formed of 
cin. outside diameter, No. 20 gage copper tubing. One end of the cooling 
coil shall be provided with connections suitable for attaching to the tank | 
sampling connection and the other end shall be provided with a }-in. 
needle valve of good quality. For introducing the sample into the con- 
lainer this valve shall have at its open end a removable tube of }-in. out- 
side diameter copper tubing of sufficient length to reach the bottom of the 
sample container. A bath of suitable design is shown in Fig. 2. 
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Sample Containers and Transfer Connections 

9. The two types of containers for obtaining samples of gasoline {o; 
vapor-pressure tests shall conform to the following general requirements: 
The containers shall be at least one quart in size and of ample strength t; 
withstand the pressures to which they may be subjected. ‘The constry. 
tion shall be such that the containers may be easily and securely sealed 
Container openings in all cases shall be of a type which will permit th 


Thermometer — Valve ‘A” To Vessel Being Sampled 
BHT 


Jo Vessel Being Sampled 
Valve‘A” Purging Valve 


Fic. 2.—Chilled Sampling Apparatus. 


replacement of the cap, stopper, or plug with the connections provided for 
transferring samples to the gasoline chamber. 

(a) Open-Type Containers.—Containers classed as open-type 
tainers shall be provided with a single opening. Such containers shall be 
of a type which will readily permit sampling by immersion. 

The sample-transfer connection for the open-type container shall con- 
sist of two tubes assembled in a replacement cap or stopper. One of these 
tubes, the air tube, shall extend to the bottom of the sample container. 
The second tube, the liquid-delivery tube, shall be flush with the inside face 
of the cap or stopper and shall extend beyond the cap or stopper for 4 
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sufficient length to reach to the bottom of the gasoline chamber in the 

ne for sample-transfer operation. 

nents (b) Closed-Type Containers.—-Containers classed as closed-type con- | 

gthto #  tainers shall be provided with two openings, one in each end or the equiva- 

struc. lent thereof, fitted with suitable valves. 

sealed, The sample-transfer connection for the closed-type container shall 

it the consist of a single tube with fittings suitable for connection to one of the 
openings of the sample container, the tube being of sufficient length to 
reach to the bottom of the gasoline chamber in the sample-transfer operation. 


SAMPLING 


10. The following general remarks apply to all sampling for Reid- 
vapor-pressure determinations. ‘The extreme sensitivity of vapor-pressure 
measurements to losses through evaporation and to slight changes in 
composition is such as to require the utmost precautions and the most 
meticulous care both in the obtaining and in the handling of samples to 
insure their being representative. Official samples shall be taken by, or 
under the immediate direction of, a person of judgment, skill and previous © 
experience in sampling for vapor-pressure measurements. 


Sampling Open Tank Cars and Small Open Tanks 

11. Open-type sample containers (Section 9) shall be used for sampling ~ 
open tank cars and small open tanks. The empty sample container shall _ 
first be immersed in the car or tank of liquid to be tested and allowed to fill _ 
while being lowered and raised through the liquid. ‘The first filling is for _ 
the purpose of washing the container thoroughly. The container shall be © 
emptied and then refilled. On this second filling the sample container 
shall be lowered and raised at such a rate that it will be nearly but not 
quite full when withdrawn. Enough of the contents shall be poured off 
immediately so that the portion remaining shall fill the sample container 
to not less than 70 per cent and not more than 80 per cent of its capacity. 
The sample container shall be promptly sealed. 


Sampling Other Vessels 


12. For obtaining samples from other sizes or types of vessels than those © 
described in Section 11, the following general remarks apply: The methods | 
of sampling, points of sampling, and number of samples shall be as agreed 
upon by the contracting parties but in all cases the procedure followed 
shall tesult in obtaining representative samples. Because of the sensitivity —- 
of this method of test to handling losses, compositing of samples to arrive : 
at an average vapor pressure for the contents of large vessels shall not be 
permitted. 

(a) Sampling into Open-Type Sample Containers.—Open-type sample 
‘ontainers (Section 9) shall be used for obtaining samples from large open 
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tanks and may be used for obtaining samples from closed or pressure tanks 
In both cases the containers shall be rinsed with the product to be sampled 
immediately prior to obtaining the sample. The container shall then be 
refilled. If necessary, enough of the contents shall be poured off imme. 
diately so that the portion remaining shall fill the sample container to not 
less than 70 per cent and not more than 80 per cent of its capacity. The 
sample container shall be promptly sealed. The sampling from closed or 
pressure tanks shall be conducted under such conditions that the sample 
in the sample container is at a temperature of 32 to 40 F. for the duration 
of sampling. If this requires the use of the chilled sampling apparatus 
(Section 8 and Fig. 2), sufficient volume shall be wasted through the cooling 
coil to insure complete purging. During the sampling operation, the 
outlet valve (A, Fig. 2) shall be throttled so as to maintain a pressure in 
the chilling coil equivalent approximately to that in the vessel being sampled. 

(b) Sampling into Closed-T ype Sample Containers.—Closed-type sample 
containers (Section 9) may be used for obtaining samples from closed 
vessels. The inlet valve of the container shall be connected to the sampling 
line from the pressure vessel. During the sampling operation, the outlet 
valve of the container shall be throttled so as to maintain a pressure in the 
container equivalent approximately to that in the vessel being sampled. 
The sample shall be drawn by allowing the product to flow through the 
sampling system until a volume equal to at least twice that of the sample 
container has been passed. Valves shall then be closed and the container 
disconnected. Enough of the contents shall be withdrawn immediately s0 
that the portion remaining shall fill the sample container to not less than 
70 per cent and not more than 80 per cent of its capacity. Should the 
vapor pressure of the product be insufficient to force liquid from the con- 
tainer, it shall be permissible to open both valves to facilitate the with- 
drawal of the amount specified. The sample container shall be promptly 
sealed. 


_ Care of Samples 

13. Samples shall be put in a cool place as soon as possible after they 
have been obtained and held there until all tests have been completed. 
Samples in leaky containers shall not be considered for tests but shal 
be discarded and new samples obtained. 


Saturation of Samples in Sample Containers 
14. Prior to the Reid-vapor-pressure determinations, the sample cot- 
tainer shall be immersed in the cooling bath (Section 4) held at a temperature 
of 32 to 40 F. for a sufficient time to allow the liquid to reach the bath 
temperature. The container shall then be unsealed for 5 sec., resealed 
shaken vigorously, and then returned to the bath. 
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Sample Transfer 

15. (2) The sample shall be transferred from the sample container to 
the gasoline chamber as described in the following Paragraphs (6) to (d). 
This operation shall be performed when the apparatus is being assembled 
for test and fits between the steps described in Section 17 (d) and (e). 

(b) The gasoline chamber and the sample-transfer connection shall be 
chilled in the cooling bath (Section 4). 

(c) With everything in readiness the chilled sample container shall be 
removed from the bath, the cap, stopper or plug shall be removed and the 
transfer connection immediately attached to the sample container. (See — 
Fig. 3.) 


Chilled Sample Chilled Gasoline Chamber 
Transfer Connection 


bY 


(b) 
Semple Container aioe Closure Gasoline Chamber — Position of System for 


Prior to Transfer Replace Placed Over Liquid Sample Transfer 
of Sarnple Transfer Connection Delivery Tube 


Fic. 3.—Simplified Sketches Outlining Method of Transferring Sample to Gasoline Cham- 
ber from Open-Type Containers. 


(d) The chilled gasoline chamber shall then be placed over the sample- 
delivery tube of the transfer connection. ‘The entire system shall then be 
rapidly inverted so that the gasoline chamber is finally in an upright posi- 
tion with the delivery tube extending to within } in. of the bottom of the 
gasoline chamber. In the case of closed-type containers the valves (or 
valve) shall not be opened until the system has reached its final position 
(Note). The gasoline chamber shall be filled to overflowing. 


Note.—The valve on the sample-delivery tube should be opened first. If liquid 
does not flow, it will be necessary to open the second valve. 


Preparation of Apparatus 


16. If tests have been previously conducted in the apparatus to be 
used, the procedure prescribed in the following Paragraphs (a) to (c) shall 
be followed to prepare the apparatus for the next test. These operations 
are most conveniently done at the conclusion of each test. 
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(a) The air chamber, gasoline chamber and pressure gage shall ly 
disconnected. 
(6) The pressure gage shall be purged of residual gasoline by directing 
_ a small jet of air into its Bourdon tube for at least 5 min. 
(c) The air chamber shall be thoroughly purged of liquid gasoline 
| and gasoline vapors by filling the air chamber with warm water (above 


90 F.) and allowing it to drain, repeating the operation at least five time 
(Note). 


Note,—If this purging is done in a bath be sure to avoid small and unnoticeable 


films of floating gasoline by keeping the bottom and top openings of the air chamber closed 
as they pass through the surface of the water. 


_ “Initial Air Temperature”; Assembly of Apparatus 
17. (a) The air chamber shall be rinsed (see Note, Section 16 (¢)) 
_ with clean water (temperature optional). 

(b) The pressure gage shall then be attached to the air chamber. 

(c) The air thermometer shall next be inserted in the air chamber for 
three-fourths of its length. The bulb shall not be permitted to rest on the 
wall of the air chamber. 

(d) The temperature of the air and water vapor in the air chamber 
shall be read. Since it is absolutely necessary that this temperature shall 
be the actual temperature of the air and water vapor in the air chamber 
at the time of final assembly (Paragraph (e)), the air thermometer shall 
have been in the air chamber (Paragraph (c)) at least 5 min. before the 

7 temperature is read. This temperature shall be recorded as the “initial 
air temperature.” 
(e) The gasoline chamber, immediately (note exception in Section 
22) after being filled with the sample (Section 15 (0), 21 () or (c)), shall 
be attached to the air chamber with the pressure gage attached (Para- 
graph (6)). 


; Note.—If a threaded coupling is employed a little water-soluble grease or other low- 
_ vapor-pressure lute on the threads will materially assist in making a tight connection. 


(f) The time interval between the operations prescribed in Para- 
_ graphs (d) and (e) shall be as short as possible. 


Vapor-Pressure Determination 


18. (a) The assembled vapor-pressure bomb shall be turned upside 
_ down and shaken vigorously in this position. This operation shall be 
repeated several times. 
(b) The bomb shall then be righted and immersed in the water bath 
to at least 1 in. above the top of the air chamber (Section 5). 
(c) The water bath shall be maintained throughout the vapor-pressure 
_ determination at a constant temperature of 100 F. +0.2 F. as determined 
4 by the bath thermometer (Section 6) well immersed in the bath. >. 
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(d) While the bomb is immersed in the bath, it shall be closely observed 
or leaks. Liquid leaks are much more difficult to detect than vapor leaks 
and since the much used coupling device is normally in the liquid section 
of the apparatus it shall be given particular attention. When, at any 
time in the course of the test, a leak is detected the test shall be discarded. 

(ce) After 5 min. the bomb shall be withdrawn from the bath, inverted, 
shaken vigorously and replaced in the bath. Thereafter, at intervals of 
not less than 2 min., the bomb shall be withdrawn from the bath, inverted, 
shaken vigorously and replaced in the bath. This vigorous shaking shall 
be performed quickly to avoid cooling the bomb and its contents. 

(f) Prior to each removal of the bomb from the bath, the gage reading 
shall be observed. ‘The gage shall be tapped lightly prior to each reading. 


TABLE I.—COoRRECTIONS TO CONVERT UNCORRECTED VAPOR PRESSURES TO REID VAPOR 
PRESSURES, 
CORRECTIONS IN PoUNDS PER SQUARE INCH FOR VARIOUS 


_ TEMPERATURES AS CALCULATED FOR NORMAL BAROMETRIC 
Inia Atk TEMPERATURE,? PRESSURES OF: 


DEG. FAHR. 760 MM. 745 MM. 700 MM. 650 MM. 600 MM. 
—2.6 —2.6 —2.4 —2.3 —2.2 
—1.4 —1.4 —1.3 —1.3 —1.2 
—0.5 —0.5 —0.5 —0.5 —0.5 

— P;)(t — 100 
Correction Factor = i (Pio — Ps) 
ere t = the air chamber temperature at beginning of test, deg. Fahr. 


P, = the vapor pressure of water, pounds per square inch, at ¢ deg. Fahr. 

Py = the vapor pressure of water, pounds per square inch, at 100 F. 

P. = the normal barometric pressure in pounds per square inch at place where test 
is conducted. 


* For intermediate air temperatures, the corrections should be interpolated to the nearest 0.1 Ib. per sq. in. 


(g) These operations shall be continued for at least 20 min. to insure 
equilibrium. After this time if consecutive gage readings observed are 
constant, the value of the readings shall be recorded as the ‘‘ uncorrected 
vapor pressure” of the sample under test. 

(h) The pressure gage shall be immediately removed from the bomb 
and its reading at the “uncorrected vapor pressure” compared with that 
ofa mercury column. ‘The correction thus determined shall be recorded 
as the “gage correction.” 


Calculation 


19. ( a) To calculate the ‘Reid vapor pressure” of the sample under 
test, the ‘‘uncorrected vapor pressure” (Section 18 (g)) shall be corrected 
for the pressure- gage error Vecties 18 ()) and for the change in the pres- 
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between the “initial air temperature” and the temperature of the water 

bath. Table I shows the corrections to apply for “‘initial air temperatures’ 
’ ranging from 32 to 110 F. The value resulting from the application o 
_ these corrections shall be recorded as the ‘‘ Reid vapor pressure.” 


‘ sure of the water vapor and air in the air chamber due to the differences 


Example.—If the “uncorrected vapor pressure” is 11.6 lb. and the mercury colum 
reads 11.8 lb. when the gage reading is 11.6 lb. the “gage correction” is +0.2 Ib. If the 
“initial air temperature”’ is 82 F. the correction (see Table I, Column 2) for air tempera. 
ture is —0.9 lb. for Reid-vapor-pressure determinations at an atmospheric pressure of 
745 mm. ‘The combined correction is —0.7 lb. The “Reid vapor pressure” is 11.6), 

minus 0.7 lb., or 10.9 Ib. 
(b) Because of the fact that the atmospheric pressure provided (Sec. 
tion 17 (e)) for in the air chamber counteracts the external atmospheric 
pressure, the only pressure acting internally on the pressure gage is the 
absolute vapor pressure of the liquid in the bomb so that the gage reading 
is the absolute vapor pressure of the liquid in pounds per square inch at 
100 F. For purposes of brevity the “ Reid vapor pressure”’ shall be recorded 
_ in pounds, without reference to temperature used in the test or to unit of 
surface. 


REPRODUCIBILITY OF RESULTS 
_ Reproducibility of Results 


20. With proper attention to detail, duplicate tests for vapor pressure 
‘ should not differ from each other by more than 0.2 lb. plus 1.0 per cent 
of the vapor pressure as determined. 


SAMPLING PROCEDURE FOR PropucTs HAVING VAPOR PRESSURES 
OVER 26 LB. 

The special sampling procedure described in the following Sections 21 and 22 is 

required because the evaporation losses inherent in the sampling procedure described 

in Sections 11 to 15, inclusive, affect the results substantially if applied to products 


having vapor pressures much above 26 lb., particularly if these products contain 
small proportions of very volatile components. 


The complete method for products under this title comprises Sections 1 to 3, 
—§ to 7, 10, 21, 22, and 16 to 20, in the order listed. 

21. (a2) The sample shall be obtained as described in either of the 
following Paragraphs (b) or (c). This operation fits between the steps 
described in Section 17 (d) and (e). 

(6) Sampling by Immersion——The empty gasoline chamber shall 
first be immersed in the tank or container of the liquid to be tested 
and allowed to fill while being raised and lowered through the liquid. 
This operation shall be repeated. These first two fillings are for the put- 
pose of thoroughly washing and chilling the chamber, which shall theo 
b@emptied. The chamber shall then be refilled in the same manner, care 
being exercised to see that it is completely filled with the liquid. : d 
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(c) Sampling from Closed Vessels.—The gasoline chamber equipped 
with valves, top and bottom (Fig. 1 (6)) shall be used. Before drawing 
the sample, the gasoline chamber shall be cooled to a temperature as low 
as or lower than that of the gasoline to be tested. The sample shall be 
taken as follows: Both valves shall first be closed and the gasoline chamber 
shall then be connected to the tank, pipe line, or other receptacle holding 
the liquid to be tested, by means of the lower valve of the chamber. The 
sample shall be taken at a place which will insure the obtaining of a repre- 
sentative sample of the product to be tested. With the upper valve closed, 
the valve on the container, tank or pipe line shall be opened and then the 
lower valve on the gasoline chamber shall be opened, allowing the full 
tank or line pressure to be exerted on the chamber. The upper valve on 
the chamber shall then be opened slightly and gasoline allowed to escape 
until a volume equal to at least twice the capacity of the gasoline chamber 
shall have been displaced. This procedure will insure the removal of all 
air from the chamber. Care shall be taken during the operations of 
purging and filling to prevent more than a slight drop in pressure be- 
tween the chamber and the tank or line. After filling the gasoline 
chamber, both the top and bottom valves shall be closed in the order 
mentioned, and the chamber disconnected from the tank or pipe line (see 


Care of Samples aon 


22. If samples are obtained in gasoline chambers of the type illus- 
trated in Fig. 1 (b) and the air chamber is not immediately attached, both 
of the valves on the gasoline chamber shall be closed and plugged and the 
plugged gasoline chamber shall be kept chilled to a temperature lower 
than the temperature of the material. sampled until the air chamber is 


attached (Section 17 (e)). — 
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TENTATIVE METHODS OF TEST 


FOR 
KINEMATIC VISCOSITY! 


A.S.T.M. Designation: D 445 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. q 


Scope 

1. These methods are suitable for determining the kinematic viscosity 
of any petroleum product or lubricant which is a true viscous liquid at the 
temperature of the test.2 Two procedures are included covering the use 
of the suspended-level viscosimeter and the modified Ostwald viscosimeter, 
respectively. 


Method A .—Suspended-Level Viscosimeter* 


Apparatus 
2. The apparatus shall consist of one or more calibrated suspended- 
level viscosimeters, thermometers, bath, and timer conforming to the re- 
quirements specified in the following Paragraphs (a) to (d): 
(a) Suspended-Level Viscosimeters—The suspended-level viscosimeters 
(illustrated in Fig. 1 (a), (6) and (c)) shall be of glass and shall conform to 
the requirements in Table I. Instruments with one capillary are shown in 
Fig. 1 (a) and (6). In Fig. 1 (c) is shown an alternative form of viscosimeter 
in which two capillaries of different sizes are mounted in the same 
apparatus, which in effect increases the range available in a given bath. Fo 
All suspended-level viscosimeters shall be used only at efflux times diz 
greater than 80 sec. There is no upper limit for the efflux time but, in th 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
A.S.T.M. Committee D-2 on Petroleum Products and Lubricants. La for deter- 
._,2 These methods were developed in response to a need for a more scientific and accurate method us ~ 
mining viscosity than by means of the Saybolt viscosimeter. Preliminary experiments indicate that t 
peated level and modified Ostwald viscosimeters are subject to much smaller error than the Saybolt a > 
n addition, they measure kinematic viscosity and, therefore, the results are more directly ey " 
friction, power requirement and heat development in bearings and other lubricated surfaces. Other forms 
apparatus for determining kinematic viscosity are under consideration and may be added later. 
§ For further details of this method, reference should be made to the following articles: _ Analytical 
Ogden FitzSimons, “‘A Rapid Precision Viscosimeter,” Industrial and Engineering Chemistry, 
Edition, Vol. 7, p. 345 (1935). th S ded 
. Ubbelohde, “The Simplest and Most Accurate Viscometer and Other Instruments wit + ur 2 
Level,” Journal, Inst. Petroleum Technologists (London), Vol. 19, p. 376 (1933); also Oel und Kohle, 
p. 949 (1936). sets 
Suspended Level Viscometer,” Journal, Inst. Petroleum Technologists 
ol. + DP. . 
L. Ubbelohde, “ Viscosimeter,” U. S. Patent No. 2048305, July 21, 1936. f Viscosity.” 
L. Ubbelohde, “The Principle of the Suspended Level Applications to the Measurement © ; 
Industrial and Engineering Chemistry, Analytical Edition, Vol. 9, p. 85 (1937). of Surface 
L.,Ubbelohde, *“*The Viscometer with Suspended Level (The Elimination of the Influence, 23, No 
Spheric Level),”” Journal, Inst. Petroleum Technologists (London), Vol. 
165, p. 1 
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order to save time, it is suggested that a viscosimeter be selected for which 
the efflux time will be less than 1000 sec. Capillary diameter is not speci- 
sed in Table I since it depends on the range of viscosities to be measured. 


2 


Square Shoulder 


Details Showing 
Alternate Forms 
of Construction at 
Bottom of 


Spherical Shoulder 


Viscosimeter (b) FitzSimons’ Modification () FitzSimons’ Modification 
One Capillary Tube. with One Capillary Tube. with Two Capillary Tubes. 


Fic. 1.—Suspended-Level Viscosimeters. 


For light oils it is necessary to use viscosimeters with smaller capillary 
diameters than for heavier oils. For viscosity ranges normally encountered, 
there are given in Table II suggested requirements for capillary diameters 
and calibration constants for five suspended-level viscosimeters (Note). 


TABLE I.—DIMENSIONS OF SUSPENDED-LEVEL VISCOSIMETERS. 


UBBELOHDE FitzSimons’ 
VISCOSIMETER MODIFICATION 


Over-all length, mm 260 to 290 300 to 340 
Length of capillary, m 85 to 95 115 to 125 
h —~ center of ‘bulb B to bottom of capil- 
125 to 135 140 to 150 
5.4 to 5.8 3.60 to 3.90 , 
10 to 14 
Outside diameter (ati of bulb A. pon 20 to 30 
Length of bulb A, mm 70 to 80 


if tubes 2. and 3, mm 
nside diameter ) of tube 5 (square shoulder),mm. 10 to 15 
| of tube 5 (spherical shoulder), mm. 17 to 20 
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Viscosimeter No. 1 is suitable for testing low-viscosity products such a; 


Dist. 
kerosines and light fuel oils. The viscosimeters with larger capillary -— 
diameters (viscosimeters Nos. 1A to 5) cover the ranges of viscosities usually : 

encountered with lubricating oils. It should be noted that the sizes shown PILLIN 
in Table II are not mandatory; other capillary diameters may be used Tor F 
provided the efflux time is greater than 80 sec. Grabt 
0. 
Note.—In case the amount of testing does not warrant installation of five suspended. & 
level viscosimeters it is possible, with equal accuracy, to make use of longer times of IMMER 
outflow, thereby eliminating one or more. For instance, in the case of the FitzSimons’ SPECI 
modification, viscosimeter No. 2 may serve for viscosities varying from 3.0 to 30 centistokes tr 
and No. 4 from 20 to 1200 centistokes, thus making it unnecessary to install viscosimeters 
Nos. 3 and 5. A corresponding selection of instruments may also be made in the case of ScaLs 
the Ubbelohde viscosimeter. STANI 
v 
TABLE II.—SUGGESTED CAPILLARY DIAMETERS OF SUSPENDED-LEVEL VISCOSIMETERS WITH ‘ 
CORRESPONDING VISCOSITY RANGES AND CALIBRATION CONSTANTS. Case: 
Ubbelohde Viscosimeter FitzSimons’ Modification i 
defini 
1 Time, | Capillary | Approximate Viscosity Range Capill A i iscosity » Ras ’ 
Visoosimeter sec. Diameter, | Calibration Calibration’ 
mm. Constant, C@ mm. Constant, C2 | 
Saybolt Saybol 
Centistokes | Universal Centistokes} Univers: 
0.5t06.5 
80 to 1000] 1. 0 to 3 02 to 1. 9 to 100 | 
80 to 1000/3 .50 to 3. 10.0 800 to 10 3700 to 46 000||1.28t0 1.36) 0.25 20 to 250 |100 to! ther 
an 
©The correct calibration constant depends on the actual di i f the instrum d th ined 
experiment, The values in the above table are intended to serve pa the 
$0 | 
(b) The A.S.T.M. Kinematic Viscosity Test Thermometer shall con- (th 
form to the following requirements. These specifications cover three total- ane 
immersion thermometers graduated in Fahrenheit degrees the ranges, as foll 


specified, being 97.5 to 102.5 F.; 127.5 to 132.5 F.; and 207.5 to 212.5 F,, 
respectively. 


Type: Etched stem, glass. _ 


Liguip: Mercury. 
RANGE AND SUBDIVISIONS: 
Range 97.5 to 102.5 F. subdivision in 0.1 F. for tests at 100 F. 


Range 127.5 to 132.5 F. subdivision in 0.1 F. for tests at 130 F. gr 
Range 207.5 to 212.5 F. subdivision in 0.1 F. for tests at 210 F. 0. 
ToTaL LENGTH: 235 to 241 mm. (9.25 to 9.48 in.). ee 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6.5 to 7.5 mm. | 
(0.256 to 0.295 in.). 
Bus: Corning normal or equally suitable thermometer glass. 
Length, 45 to 55 mm. (1.77 to 2.17 in.). P 
Diameter, 6 mm. (0.236 in.) to not greater than stem. oe 
Ice Point: Graduated 31.5 to 32.5 F. in 0.1 F. division; 32 F. to be 80 to 85 mm. (3.15 
to 3.35 in.) from bottom of bulb. g] 
CONTRACTION CHAMBER: To be long narrow type, bottom not less than 100 mm. (3.94 in.) 
from bottom of bulb; top to be not more than 125 mm. (4.95 in.) from bottom of bulb. P 
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DistANCE TO LOWEST SPECIFIED GRADUATION FROM BULB: 140 to 155 mm. (5.51 to 6.10 in.). 
Distance TO HiGHEST SPECIFIED GRADUATION FROM ToP OF THERMOMETER: 25 to 40 mm 


(98 to 1.57 in.). — 
ExpaNSION CHAMBER: To permit heating to 220 F. OO 
PuunG ABOVE Mercury: Nitrogen gas. 
Tor Finish: Glass ring. 
Grapuations: All lines and figures clear cut and distinct. The first and each succeeding _ 
0.5 F. line to be longer than the remaining lines. Graduations to be numbered at .' 
each 1 F. | 
Immersion: Total. 
SpeciaL MarkinGs: ‘‘A.S.T.M. Kin. Vis.,” a serial number and manufacturer’s name or 
trade-mark shall be etched on the stem. 
Scale Error: The error at the viscosity point (100, 130, or 210 F.) not to exceed 0.10 F. 
STANDARDIZATION: The thermometers are to be standardized at the ice point, and at the 
viscosity point (100, 130, or 210 F.) for conditions of total immersion, expressed to 
the nearest 0.02 F. and such corrections are to be added to the observed reading. 
Case: Each thermometer shall be supplied in a suitable case on which shall appear the 
marking ‘‘A.S.T.M. Kinematic Viscosity Thermometer,” and the range. 


Nore.—For the purpose of interpreting these specifications the following 
definitions apply: 
The total length is the over-all length of the finished instrument. 
The diameter is that measured with a ring gage. 
The length of the bulb is the distance from the bottom of the bulb to the beginning 
of the enamel backing. 
The top of the thermometer is the top of the finished instrument. 


(c) Bath.—A bath suitable for immersion of the viscosimeter to within 


5cm. of the top, with provision for visibility of the instrument and the 
thermometer, shall be provided. The viscosimeter may be sealed in as 
an integral part of the bath. The thermometer shall be mounted with 
the bulb near the center of the viscosimeter. The bath shall be regulated 
so that the variation in the thermometer reading does not exceed 0.05 F. 
(that is, + 0.025 F.). Either a liquid bath with thermostatic regulation 
and stirrer or a vapor bath with pressure regulation is permissible, the 
following materials being satisfactory for the purpose indicated: 


TEMPERATURE Liquip Varor BATH 
Water Methylene chloride 


White oil Tertiary amyl alcohol 
210 F. (98.89 { 
(d) Timer —The stop watch or other timing device used shall be 
graduated in divisions of 0.2 sec. or less, and shall be accurate to within 
0.1 per cent when tested over a 60-min. period (Note). 
Note.—Electrical timing devices are permissible provided they are accurate and 


capable of being read to 0.2 sec. Timing devices actuated by synchronous motors shall 
be used only on electric circuits of controlled frequency. 


Procedure 


3. (a) The proper suspended-level viscosimeter, according to Table II, 
shall be selected. The viscosimeter shall be cleaned by rinsing twice with 
petroleum ether, benzol, or a narrow cut of naphtha. This solvent shall 
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then be removed by passing a current of clean, dry air through the viscos. 
meter and for this reason the solvent used must be of such volatility that 
it will be easily and completely removed under these conditions. 

Norte 1.—The viscosimeter may be left in place in the bath, in which case the oil from 
the previous determination shall be withdrawn by suction through tube 3, after which 
portions of naphtha shall be successively introduced into tube 1, drawn up into tube ? 
several times and removed by suction through tube 3. The tubes shall then be dried of 
naphtha by passing air through them. 

NoTE 2.—Periodically, or whenever the appearance of the viscosimeter indicates the 
need of it, the instrument shall be cleaned by use of chromic acid which shall be allowed 
to stand in the tube for several hours, followed by thorough rinsing first with distilled 
water, then with c.p, acetone and drying by air current. 

(6) The viscosimeter shall be immersed in the bath to within 5 cm, 
of the top and adjusted to a vertical position. This may be accomplished 
by visual examination in two different vertical planes or by employing a 
small plumb bob consisting of a 1-cm. length of solder wire and a piece of 
silk thread attached to a perforated cork placed in the wide arm of the 
instrument. When properly aligned the plumb bob will not touch the walls. 

(c) A small sample of oil (about 10 ml.) shall be filtered through a 
fritted (sintered) glass filter of medium porosity or a 100-mesh screen filter 
into a small beaker or bottle. The oil sample as well as the viscosimeter 
must be free from any solid particles, lint, etc. The oil sample shall be 
charged into tube 1 of the viscosimeter. 

(d) The bath shall be maintained at the temperature of test within 
0.05 F. (that is, + 0.025 F.). The viscosimeter shall remain in the 
constant-temperature bath long enough to reach the bath temperature. 
The minimum time required is 5 min. for the 100 F. (37.78 C.) bath, and 
10 min. for the 210 F. (98.89 C.) bath. 

(e) After the sample has attained bath temperature, tube 3 shall be 
stoppered with the finger and the oil shall be drawn into tube 2 by suction 
to some point above the upper mark but not above the center of the small 
bulb. (When using the double instrument, the tube 2 not being used must 
be closed as well as tube 3.) 

(f) The suction shall then be released and the finger removed from 
tube 3, allowing the oil to flow freely out of the capillary tube. The time 
in seconds required for the meniscus to pass from the upper to the lower 
mark shall be measured. If this efflux time is less than 80 sec., the next 
smaller viscosimeter shall be selected and the operation repeated. Deter- 
minations shall be repeated until two successive efflux times agree within 
0.2 per cent, the average of these two determinations being used for cal- 


culating the kinematic viscosity. q 
Reporting Results 


4. The kinematic viscosity in centistokes shall be calculated from 
the following equation: 
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where V = the kinematic viscosity in centistokes, 
C = the determined calibration constant for the instrument, 
t = the efflux time in seconds, and 
B = an experimental constant determined by the design of vis- 
7 cosimeter. For viscosimeters with capillary diameters of 
0.75 mm. or larger, the value of this constant is 2.8 for the 
Ubbelohde design and 1.0 for the FitzSimons’ design; in the 
case of viscosimeters having capillary diameters less than 
0.75 mm., the value of the constant shall be determined in 
accordance with Section 5 (0). 

Note.—For routine use a tabulation in which the kinematic viscosity is shown for 
integral efflux times over the range used shall be prepared for each instrument based on 
Eq. (1) and on the calibration constant for the instrument. Interpolation tables should 
also be shown. 

Calibration 

5. The suspended-level viscosimeters shall be calibrated in accordance 
with one of the methods described in the following Paragraphs (a) and (6). 
The calibration constant determined at 100 F. (37.78 C.) shall be valid 
for use at other temperatures also. 

(a) For Viscosimeter with Capillary Diameter 0.75 mm. or Larger.— 
The effi’ time of an oil standard obtained from the American Petroleum 
Institute or National Bureau of Standards may be determined in the vis- 
cosimeter being calibrated. ‘The efflux time for the oil standard shall be 
not less than 150 sec. The calibration constant, C, may then be calculated 
by substituting in Eq. (1) this efflux time and the kinematic viscosity of 
the oil standard and solving for the value of C. 

An alternative procedure is to determine with the viscosimeter being 
calibrated the efflux time of an oil sample whose viscosity has been 
previously determined in a viscosimeter calibrated in accordance with 
Paragraph (6), or in a viscosimeter calibrated with a reference oil, or in a 
large viscosimeter calibrated as outlined in the reference appearing in the 
footnote to the title of Method B.! The calibration constant, C, may then 
be calculated by substituting in Eq. (1) this efflux time and the kinematic 
viscosity of the oil sample. 

(b) For Viscosimeter with Capillary Diameter Less than 0.75 mm.—The 
constants B and C in Eq. (1) shall be determined for each viscosimeter, as 
follows: The efflux times of pure distilled water shall be determined at 
68 F. (20 C.), 100 F. (37.78 C.), and 130 F. (54.44 C.), in the viscosimeter 
being calibrated. The temperature shall be maintained within +0.02 F. 
(0.01 C.) of the desired test temperature. The kinematic viscosity of water 
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shall be taken as 1.007 centistokes at 68 F. (20 C.), 0.689 centistokes at 
100 F. (37.78 C.), and 0.518 centistokes at 130 F. (54.44 C.). The con. 


stants B and C,, (water) shall be the average of the three results calculated 
for each pair of temperatures from the following equations: 


hte 
Vit — Vit 4 


where B = the experimental constant determined by the design of the 
instrument, 
C, = the calibration constant determined with water as the cali- 
brating liquid, 
V, = the kinematic viscosity of water giving an efflux time of 
t;, and 
V_ = the kinematic viscosity of water giving an efflux time of ty. 


The mean effective head does not affect the kinetic energy correction 
and accordingly, constant B is the same for all liquids. In the case of the 
viscosimeter with square-shouldered outlet tube, the mean effective head 
varies with liquids of different surface tension. It is accordingly necessary 
to compensate for the marked difference in surface tension of water and 
oil by multiplying C, by 1.0035. This latter value is determined from the 
surface tensions of water and oil and is also based on the design of the 
instrument. The equation of the viscosimeter calibrated with water 
becomes as follows when used with petroleum fractions: OS 
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V = 1.0035 Cyt — “ 


If a viscosimeter with a spherical shoulder is used, the head does not 


vary with surface tension; therefore, the multiplying constant is 1.000 
instead of 1.0035. | 4 


Method B.—Modified Ostwald Viscosimeter' : 
Apparatus 


6. The apparatus shall consist of one or more calibrated modified 
Ostwald viscosimeters, thermometers, bath, and timer conforming to the 
requirements specified in the following Paragraphs (a) to (d): ; 

(a) Modified Ostwald Viscosimeters—The modified Ostwald viscosi- 
meters (illustrated in Fig. 2) shall be of glass and shall conform to the 
following dimensional requirements: 


1 For further details of this method, reference should be made to “ Viscosity Standardization of Petroleum 
Lubricating Fractions” by M. R. Cannon and M. R. Fenske, Oil and Gas Journal, Vol. 33, D. $2 Apel in 
(1935); and “Simple Viscometers and Auxiliary Equipment for the Accurate Measurement of V 56) 

undamental Units" by M. R. Cannon and M. R. Fenske, Oil and Gas Journal,Vol. 34, p. 45, April 9 (1999). 
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TaBLe III.—DIMENSIONS OF MopDIFIED OsTWALD VISCOSIMETERS. 


Over-all length, mm 

Length of capillary, mm 

Volume of bulbs A and B, each, ml 

Distance from center of bulb B to center of bulb C, mm 
of bulb C, mm 

of tube 1, mm 

of tube 2, mm 

of tube 3, mm 


Each modified Ostwald viscosimeter shall be so constructed that a 
line drawn vertically through the center of bulbs A and B will pass through 


Inside diameter 


/ 


Glass 


Strengthening - 
Bridge ad 


tched Lines 


+ Fic. 2.—Modified Ostwald Viscosimeter. 


the center of bulb C (Fig. 2). Capillary diameter is not specified in Table __ 
If, since it depends on the range of the viscosity to be measured. For an 
light oils it is necessary to use viscosimeters with smaller capillary diameters 

than for heavier oils. For the viscosity range normally encountered, there 

are given in Table IV suggested requirements for capillary diameters for 

four modified Ostwald viscosimeters (Note). It should be noted that the 

sizes shown in Table IV are not mandatory; other capillary diameters may 

be used provided the time of efflux is greater than 300 sec. for viscosi- _ 
meters with capillary diameters less than 0.50 mm., 200 sec. for capillary 
diameters between 0.50 and 0.75 mm., and 100 sec. for capillary diameters 
greater than 0.75 mm. 
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Note.—In case the amount of testing does not warrant installation of four modified 
Ostwald viscosimeters it is possible, with equal accuracy, to make use of longer times of 
outflow, thereby eliminating one or more. For instance, viscosimeter No. 100 may serve 
for viscosities varying from 3 to 25 centistokes and No. 300 for viscosities from 25 to 95) 
centistokes, thus making it unnecessary to install viscosimeters Nos. 200 and 400, 

(b) Thermomeiers.—As described in Section 2 (6). 
(c) Bath.—As described in Section 2 (c). 
(d) Timer.—As described in Section 2 (d). 


Procedure 


7. (a) The proper modified Ostwald viscosimeter, according to Table 

IV, shall be selected. The viscosimeter shall be cleaned by rinsing twice 
with petroleum ether, benzol, or a narrow cut of naphtha. This solvent 
shall then be removed by passing a current of air through the viscosimeter 
and for this reason the solvent used must be of such volatility that it wil 

_ be easily and completely removed under these conditions. 

(b) A small sample of oil (about 10 ml.) shall be filtered through a 
 fritted (sintered) glass filter of medium porosity or a 100-mesh screen filter 


‘Taste IV.—SuGGEsTeD CAPILLARY DIAMETERS OF MopIFIED OsTWALD VISCOsIMeTERs 
WITH CORRESPONDING VISCOSITY RANGES. 


APPROXIMATE VISCOSITY RANGE 
CAPILLARY SAYBOLT 
ErF_ux Time, UNIVERSAL 


CENTISTOKES 

300 to 15000. 0.8 to 3 

200 to 700 3 to 10 35 to 65 

100 to 700 10 to 70 60 to 325 
No 100 to 700 ; ; 25 to 175 120 to 800 
No. 100 to 700 120 to 850 550 to 4000 
No 100 to 700 . . 800 to 5600 3600 to 25 000 

_ into a small beaker or bottle. The oil sample as well as the viscosimeter 

must be free from any solid particles, lint, etc. 

(c) The oil at a temperature of 70 to 90 F. (21.11 to 32.22 C.) shall be 
charged into the viscosimeter in the following manner: The instrument 
shall be held in an inverted vertical position with the end of the capillary 
arm immersed in the oil. Both bulbs on the capillary side of the vis- 
cosimeter shall be filled with oil by suction, and the oil brought into the 
working capillary up to the mark etched on it. Care shall be used that 
the rubber tubing employed in applying the suction shall be clean. ; 

(d) After loading, the excess oil shall be wiped off the top of the vis 
cosimeter and it shall then be placed in the constant temperature bath 
It shall be immersed in the bath liquid to within 5 cm. of the top. 


Note.—A convenient way to support the viscosimeter in the bath is to clamp a — 
stopper on the instrument and to provide the cover of the constant-temperature ee 
with holes to receive the rubber stopper. A No. 10 rubber stopper with a 1.0-cm. = 
and with a section 0.5 cm. in width cut out from the opening to the side of the stoppér' 
suggested. 


(e) The viscosimeter shall be adjusted to a vertical position. This 
may be accomplished by visual examination in two different vertical planes 
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or by employing a small plumb-bob consisting of a 1-cm. length of solder 
wire and a piece of silk thread attached to a perforated cork placed in the 
wide arm of the instrument. When properly aligned the plumb bob will 
not touch the walls. 

(f) The viscosimeter shall remain in the constant-temperature bath 
long enough to reach the bath temperature. The minimum time required 
is 5 win. for the 100 F. (37.78 C.) bath, and 10 min. for the 210 F. (98.89C.) 
bath. 

(g) During the heating stage the oil will drain from the upper bulbs 
into the lower reservoir and in the course of this operation a bubble of air 
may be trapped in the bend at the bottom of the instrument. When the 
oil level is brought to the etched line between the bulbs this air shall be 
removed, so that there will be an unbroken column of oil extending from 
the lower reservoir through the capillary during the test. 

(h) After the sample has attained bath temperature, suction shall be 
applied to the capillary arm to draw the oil sample up to a point about 
5mm. above the mark between the bulbs. The suction shall then be re- 
leased thereby opening this arm to the atmosphere. The time for the 
meniscus to pass from the upper to the lower mark shall be measured. 

(1) The viscosity of the oil in centistokes shall then be obtained 
by multiplying the efflux time by the viscosimeter constant. 

(j) A check determination shall be made by again drawing the oil 

: sample above the etched line between the bulbs and timing as before. 
000 In careful work it may be desirable to run the same oil in two different 
viscosimeters, 


eter Note.—An experienced operator can run six or more viscosimeters at one time. 
During the preheating stage of one viscosimeter, another instrument may be loaded or 
cleaned so that no time is lost. Small (10-in. diameter) constant-temperature baths will 
hold six or more viscosimeters. 


8. The kinematic viscosity in centistokes shall be calculated from the 
following equation: 


where V = the kinematic viscosity in centistokes, 
C = the determined calibration constant for the instrument, and a 
t = the efflux time in seconds. 


Calibration 


9. The modified Ostwald viscosimeters shall be calibrated in accord- 


oo one of the methods described in the following Paragraphs (a) 
and (6): 


(2) The outflow time of an oil standard obtained from the American 
Petroleum Institute or National Bureau of Standards may be determined 
in the viscosimeter being calibrated. The efflux time for the oil standard 
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shall be not less than 150 sec. The calibration constant C, may then be 
calculated by substituting in Eq. (2) this efflux time and the kinematic 
viscosity of the oil standard and solving for the value of C. , 

(b) An alternative procedure is to determine the calibration constant ¢ 
by means of a master viscosimeter or calibrated instrument of the type as 
outlined in the reference appearing in the footnote to the title of Method B: 

(c) If it is desired to perform all calibrations at 100 F. (37.78 C.) the 
calibration constants at 60 F. (15.56 C.), 130 F. (54.44 C.), and 210 F, 
(98.89 C.) may be obtained, as follows:? 


Calibration constant at 210 F. (98.89 C.) = 0.996 x calibration constant at 100 PF. 


(37.78 C.) 
Calibration constant at 130 F. (54.44 C.) = 0.999 x calibration constant at 100 F. 
(37.78 
Calibration constant at 60 F. (15.56 C.) = 1.001 x calibration constant at 100 F. 
(37.78 C.) 


1 See p. 906. 


_ 2A more general equation which exrpesses the change in the calibration constant of the modified Ostwald 
viscosimeter with variation in temperature is as follows: 


_ Vols — Vola 
Ts: = the calibration constant at 72, the temperature for which the constant is being calculated, 
T, = the calibration constant at 71, the temperature at which the constant is known, 
Vol.s = the total volume of liquid in the viscosimeter at 73, 
Vol. = the total volume of liquid in the viscosimeter at 71, 
H =the fluid head; for viscosimeters shown in Fig. 2, this is approximately 90 mm., and ‘ 
d= & b ey diameter of the lower reservoir; for viscosimeters shown in Fig. 2, this is approximately 
mm, 


where C 


Societ 


Scop 


vide 
tem 
pera 


Des 


T 
annua 
= 

visc 
| 
= 
| 
mt 
Vi! 
ley 


TENTATIVE METHOD 
FOR 


CONVERSION OF KINEMATIC VISCOSITY TO SAYBOLT 


UNIVERSAL VISCOSITY! 


A.S.T.M. Designation: D 446 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the __ 


Society, 260 S. Broad St., Philadelphia, Pa. ees 
IssUED, 1937. 
Scope 


1. The conversion table and equation included in this method pro- 
vide a means for converting kinematic viscosity in centistokes at any 
temperature to Saybolt Universal viscosity in seconds at the same tem- 
perature.’ 


Description 


2. The Saybolt Universal viscosity equivalent to a given kinematic 
viscosity varies with the temperature at which the determination is made. 
The basic conversion values are those given in Table I for 100 F. The 
Saybolt Universal viscosity equivalent to a given kinematic viscosity at 
any temperature may be calculated as described in Section 3. Equivalent 
values at temperatures of 130 and 210 F. are given in Table I for convenience. 


Procedure 


3. For conversions at 100, 130 and 210 F., the equivalent Saybolt 
Universal viscosity values may be read directly from Table I. For kine- 
matic viscosities between 2 and 70 centistokes which are not listed in 
Table I, the equivalent Saybolt Universal viscosity values may be obtained 
by linear interpolation. For kinematic viscosities over 70 centistokes, the 
Saybolt Universal viscosity equivalent may be calculated by use of the 
multiplication constant given in Table I corresponding to the proper 
temperature. The Saybolt Universal viscosity equivalent to a kinematic 
viscosity determined at ¢ F. may be calculated by multiplying the equiva- 
lent Saybolt Universal viscosity at 100 F. by 1 + (¢ — 100) 0.000064. 


Com Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
mittee D-2 on Petroleum Products and Lubricants. ‘ ; ee 
Sa want Paper by C. E. Headington and J. C. Geniesse, ‘‘ Method for Converting Kinematic Viscosity to 
y Universal Viscosity,’’ p. 380. 
comet pensive tables for converting centistokes to Saybolt Universal seconds are under preparation and when 
mpleted will be available from Society Headquarters, 260 S. Broad St., Philadelphia, Pa. 
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TABLE I,—VALUES FOR CONVERTING KINEMATIC VISCOSITY TO SAYBOLT U 


VISCOSITY. 


NIVERSAL 


Kinematio Viscosity, 
Centistokes 


Equivalent Saybolt Universal Viscosity in Seconds at Temperature of 


100 F. 
(Basic Values, 
see Note) 


323.4 
Saybolt seconds = 
centistokes X 4.620 


co 


324.0 
Saybolt seconds = 
centistokes X 4.629 


> 


Sei 


cour 


325.7 
Saybolt seconds = 
centistokes X 4.652 


NoTE.—To obtain the Saybolt Universal viscosity equivalent to a kinematic viscosity 
determined at ¢ F. multiply the equivalent Saybolt Universal viscosity at 100 F. by 1+ 
(¢ — 100) 0.000064, for example, 10 centistokes at 210 F. are equivalent to 58.8 X 1.0070 
or 59.2 Saybolt Universal seconds at 210 F. 


Supplem* 
4," 
: viscosit} 
34.4 34.5 34.6 
37.6 37.7 37.9 
40.7 40.8 41.0 
42.3 42.4 42.6 
48.7 48.8 49.0 
58.8 58.9 59.2 
11.. 3 4 
12 9 0 
16.. 3 
106.0 106.2 
140.9 141.2 141.9 
- 149.7 150.0 150.7 
158.7 159.0 159.8 
163.2 163.5 164.3 
181.2 181.5 182.5 
208.4 208.8 209.9 
254.4 254.9 256.2 


> 
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Supplementary Conversion Equivalents 
4, The following equivalents are frequently used in connection with i 
viscosity conversions: 
Poise = Cc. g. s. unit of absolute viscosity 
Centipoise = 0.01 poise | 
Stoke = c. g. s. unit of kinematic viscosity 
Centistoke = 0.01 stoke 
Centipoises = centistokes X density (at temperature under 
consideration) 
_ Reyn (1 Ib. sec. per sq. in.) = as x 10° centipoises 
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AMERICAN TENTATIVE STANDARD 
by the American Standards Association 


Approved as 


A.S.A. No.: Z11.39-1937 | 


TENTATIVE VISCOSITY-TEMPERATURE CHARTS 
FOR 
LIQUID PETROLEUM PRODUCTS! 
A.S.T.M. Designation: D 341 - 37 T al 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1932; REVISED, 1937. 7 
Scope 


1. The viscosity-temperature charts? covered by this standard are a 
convenient means for ascertaining the viscosity of a petroleum oil* at any 
temperature, within a limited range, provided viscosities at two tempera- 
tures are known. Conversely, the charts may be used to ascertain the 
temperature at which a desired viscosity is attained. 

Precaution 

2. The charts should be used only in that temperature range in which 
the petroleum oil is a liquid. A safe range is that between initial boiling 
point and cloud point. Few data are available for temperatures above 
300 F.; therefore, it is probable that in this range the charts will not give 
as accurate results as at the lower temperatures. 

Description 
3. The charts are so constructed that for any given petroleum oil 


the viscosity-temperature points lie on a straight line. Four charts are 
available, as follows: 


Chart A. Saybolt Universal Viscosity: Chart C. Kinematic Viscosity, High Range: 
Viscosity: 33 to 100,000,000 Saybolt Viscosity: 2 to 20,000,000 centistokes 
Universal seconds Temperature: —30 to +450 F. 
Temperature: —30 to +450 F. Size: 20 by 16 in. 


Size: 0 by 1 6 in. 


Chart B. Saybolt Universal Viscosity, Chart D. Kinematic Viscosity, Low Range: 


A bridged: Viscosity: 0.40 to 100 centistokes 
_ Viscosity: 33 to 100,000 Saybolt Uni- Temperature: —30 to +450 F. 
versal seconds Size: 20 by 20 in. 


Temperature: —30 to +350 F. 
Size: 84 by 11 in. 


Charts A and B have Saybolt Universal viscosity lines only, whereas 
Charts C and D have kinematic viscosity lines only. Charts C and D 
are on the same scale so that they may be superimposed on one another 


1 Under the standardization procedure of the Society, these charts are under the jurisdiction of the A. S.T.M. 
Committee D-2 on Petroleum Products and Lubricants. 
2 Facsimiles of two of the charts are given in Figs. 1 and 2. licability 
* While the charts are based on the behavior of petroleum products, information as to their oP tes D2 
to other liquids is earnestly solicited and should be directed to Mr. R. P. Anderson. Secretary of Comms 
on Petroleum Products and Lubricants, 50 W. 50th St., New York City. 
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0.40 to 20,000,000 centistokes. 


VISCOSITY-TEMPERATURE CHaRtTS (D 341 - 37 T) 


DEGREES 


a 


over the range 2 to 100 centistokes to make one continuous chart fron 
Chart A is also on the same scale. 
ranges covered by Chart B are those most generally used in viscosity 
determinations and this portion of Chart A has been reproduced on , 


TT 
ti 


++ 
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3 CHART D KINEMATIC VISCOSITY LOW RANGE 


++ ne 
ASTM TENTATIVE VISCOSITY TEMPERATURE 
¥ FOR LIQUID PETROLEUM PRODUCTS (D 341.377) 


No Reported by Type 
Fortsch & Wilson Light Parathin 0, 
2 Dean&lare California Fractien 
3 Dean & Lane Pennsylvania Fracken 

4 Fortsch & Wilson “Kerosine 


S Dean & Lane Wyoming Naphtha 
Naghtha 


The 


+H 6 Dean & lane Pennsylvama 


-+—4-+ 


| 
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Chart A. 
Chart B. 


Chart C. 


Chart D. Kinematic Viscosity, Low Range (20 by 20 in.).... 


s es ee ene 88 
TEMPERATURE DEGREES FAHRENHEIT 


Kinematic Viscosity, High Range (20 by 16 in.)....Single copy, 
pad of 25, $1.50; four pads, 99.” 
Single copy, 25 cents: 

pad of 25, $1.50; four pads, $5: 


_ Fic 2.—Facsimile of Kinematic Viscosity-Temperature Chart D, Low Range, on Which 
Several Typical Experimental Curves Have Been Plotted (Chart Size: 20 by 20 in.). 


slightly reduced scale as a convenience for certain types of plotting where 
the accuracy of Chart A is not considered essential. 


pads, $5.00 
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Procedure 
4. Plot the two known viscosity-temperature points' on the chart. 

With great care draw accurately a sharply defined, straight line through _ 

them. A point on this line, within the range defined in Section 2, shows — 

the viscosity at the corresponding desired temperature, and vice versa. 


Extrapolation 

5. Viscosity-temperature points on the extrapolated portion of the 
line, but still within the range defined in Section 2, are satisfactory pro- 
vided the viscosity-temperature line is located quite accurately. For 
purpose of extrapolation it is especially important that the two known | 
viscosity-temperature points be far apart. If these two viscosity-tempera- 
ture points are not sufficiently far apart, experimental errors in the viscosity 
determinations and in drawing the line may seriously affect the accuracy __ 
of extrapolated points, particularly if the difference between an extrapolated — 7 
temperature and the nearest temperature of determination is greater than 
the difference between the two temperatures of determination. In extreme 
cases a viscosity determination at a third temperature is advisable. 


APPENDIX 


In addition to their primary purpose, these viscosity-temperature charts fur- 
nish a convenient means for estimating the viscosity at a given temperature of blends | 
of petroleum liquids, provided viscosities of the component liquids at the given tem- — 
perature are known. For this purpose the 0 F. line may be assumed to represent _ 
100 per cent of the light component and the 100 F. line to represent 100 per cent of — . 
the heavy component. Plot the known viscosities of the two components on the 7 
proper lines at points corresponding to the values on the viscosity scale, and draw © 
a straight line through them. Points on this line show viscosities at the given tem- — 
perature of blends of the particular components, depending upon the proportion of 
the light and heavy component. 


Example-—As an example, estimate the viscosity of a blend of 15 per cent 
of an oil having a viscosity ef 38 seconds, Saybolt Universal at 100 F. and 85 per 
cent of an oil having a viscosity of 153 seconds, Saybolt Universal at 100 F. Draw 
a straight line between the 38 seconds Saybolt point on the 0 F. line and the 
153 seconds Saybolt point on the 100 F. line. The printed figures between 0 and 
100 F. represent the percentage of the heavy component. ‘The line crosses the 
85 F. line at a value corresponding to 105 seconds. Thus the estimated viscosity 


of the blend is 105 seconds, Saybolt Universal at 100 F. The experimental value 
was 108 seconds. 


Note.—In case one of the components is motor gasoline, plot the gasoline point on 
the extension of the 0 F. line 3.75 in. below its intersection with the 33 seconds Saybolt 
tiversal line and plot the point corresponding to the heavy component on the 100 F. line. 
‘oints on the straight line drawn between these two points show viscosities of blends of 
notor gasoline and oil at the same temperature as the components. 


r 


7 My viscosities are not known they should be determined in accordance with the Standard Method of 

Ys TM Viscosity by Means of the ybolt Viscosimeter (A.S.T.M. Designation: D 88), 1936 Book of 

79.1.M. Standards, Part II, p. 982, or the Tentative Methods of Test tor Kinematic Viscosity (A.S.T.M. 

~—, D 445 - 37 T) of the American Society for Testing Materials, see p. 900. 

Kinematic Viscosity to Vin (ASEM. D 16-39 1) of the Ameren 
: s ybolt Unive: iscosity (A.S.T.M. Designation: ~ ° merican 

Society for Testing Materials, see p. 911. 
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TENTATIVE SPECIFICATIONS d 
FOR 


_ STANDARD SIZES OF COARSE AGGREGATES FOR HIGHWAY 
CONSTRUCTION! 


A.S.T.M. Designation: D 448 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
_ Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. These specifications cover standard size designations and maximum 
permissible ranges in mechanical analyses for standard sizes of coarse 
aggregates and screenings for use in the construction or maintenance of 
various types of highways and highway structures. 


Manufacture 


2. The standard sizes of coarse aggregates prescribed in these specifi- 
cations may be manufactured by means of any suitable commercial process 
and by the use of any sizes or shapes of plant screen openings necessary to 


produce the designated sizes within the limits of the mechanical analyses 


5 


Standard Sizes 


3. Standard sizes of coarse aggregates shall comply with the sizes 
given in Tables I and II for Groups A and B, respectively. All sizes shall 
_ be determined by means of laboratory sieves having square openings. 


Note.—Two groups of standard sizes, Groups A and B, are specified to satisfy the 
requirements for various localities. A study of the two groups will show that they one 
and include apparent duplications. It is emphasized, however, that it is not intendes 
that all or a portion of the sizes from both groups will be adopted for any one locality 
In any marketing area it is expected that specifications will be based on either eee 
or B, whichever is more suitable for local conditions. Each of the sizes 1s designated b; 
a size number such as No. 1A or No. 12A, for which the corresponding nominal as 
the permissible ranges in mechanical analyses are given. The combined or ~ ~ 
sizes can be made by a combination of certain primary sizes or by a modification of t ~ 
sizes, and the size numbers indicate which of the primary sizes have been ont al 
modified. ‘Thus No. 12A results from a combination of sizes Nos. 1A and 2A; like 

_ No. 4A (modified) results from a modification of size No. 4A. 


surisdiction of 
1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 
the A.S.T.M. Committee D-4 on Road and Paving Materials. | Tentative Spec 
These specifications are in effect a revision and consolidation of, and replace the former vis) 63-237) 
fications for Commercial Sizes of Broken Stone and Broken Slag for Highway Conqgpeets “fcgtions 
and for Commercial Sizes of Sand and Gravel for Highway Construction (D 64-20 T), whic 
were accordingly discontinued in 1937. 
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TENTATIVE METHOD OF TEST 


FOR 


ABRASION OF GRAVEL BY USE OF THE DEVAL MACHINE! 
A.S.T.M. Designation: D 289-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1928; REVISED, 1937. 

Scope 

1. This method outlines a procedure for testing uncrushed or crushed 
gravel for resistance to abrasion in the Deval abrasion testing machine with 
an abrasive charge. Uncrushed gravel consists entirely of uncrushed 
fragments and, for the purpose of this test, a gravel containing more than 
10 per cent by weight of crushed fragments shall be considered as crushed 
gravel. 


Deval Machine 

2. The Deval abrasion testing machine? shall be used. The 
machine shall consist of one or more hollow cast-iron cylinders; closed at 
one end and furnished with a tightly-fitting iron cover at the other. The 
inside dimensions of the cylinders shall be 20 cm. in diameter and 34 cm. in 
depth. These cylinders shall be mounted on a shaft at an angle of 30 deg. 
with the axis of rotation of the shaft. oS 
Abrasive Charge 

3. An abrasive charge weighing 2500 g. = 10 g., comprising six cast-_ 


7 ~ 


405 and 440 g. shall be used with each test sample. ‘The cast-iron spheres 

shall conform to the following requirements as to chemical composition: 
Combined carbon, min., per cent _ | 
Graphitic carbon, max., per cent 
Silicon, max., per cent 
Manganese, max., per cent . 


Phosphorus, max., per cent 
Sulfur, max., per cent 


Grading 
4. The gravel shall be separated by screening into the various sizes 


required for grading the test sample according to one of the gradings 
specified in Section 5. The material of these sizes shall be washed and dried. 


mete the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
wmmittee D-4 on Road and Paving Materials. 
the Deval srathine is the same as specified in the Standard Method of Test for Abrasion of Rock by Use of - 
. achine (A.S.T.M Designation: D 2), see 1936 Book of A.S.T.M. Standards, Part II, p. 1040. 


Le 
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_ Test Sample 
5. (a) The test sample shall consist of dry gravel made up of pet. 
centages of the various sizes conforming to one of the gradings shown in th 
following table. ‘The grading selected for the test sample shall be that mos 
nearly representing the gravel furnished for the work. 


Sizz oF SQUARE OPENINGS IN 


INCHES (STANDARD SIEVES) 
RADING PASSING RETAINED ON 
2-in, i 


G 
A 


2-in. 


_(b) The weight of the test sample shall depend upon its average bulk 
specific gravity and shall be as follows: 


RANGE IN BULK 
Specivic GRAVITY WEIGHT OF SAMPLE, 


(c) When the gravel furnished for the work contains as much as 25 
_ per cent of material finer than 3} in. but is of such size that either Grading 
A, B, or C would be used for the abrasion test, a second abrasion test shall 
be made using Grading D, if, in the opinion of the engineer, the particles 
less than 3 in. in size are not at least equal in hardness to those particles 

} in. or over in size. 


Crushed Gravel 

6. Gravel containing more than 10 per cent by weight of crushed 
fragments (Note) shall, for the purpose of this test, be considered as crushed 
gravel. In such cases, the test sample shall contain crushed fragments 9 
as to be representative of the gravel furnished for the work and shall be 
prepared in accordance with Sections 4 and 5. 


Note.—For the purpose of this test, a crushed gravel fragment may be considered as 4 
fragment of gravel having at least one fractured 


4 Procedure 


7. The test sample and the abrasive charge shall be placed in the 
Deval abrasion testing machine and the cylinders shall be rotated for 
10,000 revolutions at a speed of from 30 to 33 r.p.m.!_ At the completion of 


sa as k 
1 These requirements are the same as those specified in the Standard Method of Test for Abrasion ¢ Rost 
by Ses of the Deval Machine (A.S.T.M. Designation: D 2), see 1936 Book of A.S.T.M. Standards, Part 
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the test, the material shall be removed from the machine and sieved on a : x, 
No. 12 sieve conforming to the requirements of the Standard Specifications - 
for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of the 
American Society for Testing Materials.! The material retained upon the | 
sieve shall be washed, dried, and accurately weighed to the nearest gram. 


Calculation 
8. (a) Uncrushed Gravel.—In the case of uncrushed gravel, the loss by 
abrasion shall be considered as the difference between the original weight ae 
of the test sample and the weight of the material retained on the No. 12 | — 
sieve, expressed as a percentage of the original weight of the test sample. _ 
(b) Crushed Gravel.—In the case of crushed gravel, the percentage by 
weight of crushed fragments shall be determined and the permissible per- 
centage of wear which shall govern shall be calculated from the following 
formula: 
Ww _ AL + (100 — A) L’ 
100 
where W = the permissible percentage of wear, 
A = the percentage of uncrushed fragments, 
100 - A = the percentage of crushed fragments, 

L = the maximum percentage of wear permitted by the specifica- 
tions for gravel consisting entirely of uncrushed fragments, 
and 

L’ = the maximum percentage of wear permitted by the specificas 
tions for gravel consisting entirely of crushed fragments. 

1936 Book of A.S.T.M. Standards, Part II, p. 1413. 
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T ENTATIVE SPECIFICATIONS 
FOR 


ASPHALT CAP SHEET SURFACED WITH COARSE 
MINERAL GRANULES! 


AS.T.M. Designation: D 371 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
- annual revision. Suggestions for revision should be addressed to » the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. tli 


IssuED, 1933; REVISED, 1937. 
Scope 
1. These specifications cover asphalt roofing in sheet form, either 32 
or 36 in. in width, composed of asphalt-saturated roofing felt coated on 
approximately one half of the width of the weather side with asphalt and 
the coated portion surfaced with mineral granules. This roofing is used 
as a cap sheet in the construction of built-up roofs. 


Manufacture 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphalt saturant, then coated on the 
weather side for approximately one half the width of the sheet with a 
asphaltic coating (compounded with a fine mineral filler substantially 
insoluble in water) and surfaced by embedding mineral granules in the 
hot asphaltic coating. The coated and surfaced portion shall be 15 in. i 
width on 32-in. roofing and 17 in. in width on 36-in. roofing. 


of Felt 
. The felt shall be composed of a continuous sheet of “felted” vege- 
table and animal fibers. Its surface shall be uniformly smooth and free 
from lumps of unbeaten stock and particles of hard foreign substances. 
Character of Saturant and Coatings 
4. The saturant and coatings shall be composed principally of as 


phaltic materials. 
Character of Felt After Saturation 


5. The felt shall be thoroughly ond uniformly saturated and shall 
es no unsaturated spots at any point upon cutting strips at random 
across the entire sheet and splitting them open for their full length. 


1 Under the stan tantigntion rocedure of the Society, these specifications are under the jurisdiction 
the A.S.T.M. Committee D-8 on see aa Waterproofing and Roofing Materi 
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SPECIFICATIONS FOR ASPHALT CaP SHEET (D 371-37 T) 


Properties 
6. The fabricated product shall conform to the foliowing requirements: 


The roofing shall be put 
up in rolls and shall be 
either 32 or 36 in. in 
width, as may be speci- © 
fied, within a permis- 
sible variation of +} 
in. 

The average area of the 
rolls examined shall 
contain sufficient roof- 
ing to cover 50 sq. ft. 
of roof surface, for 
roofing 32 in. in width, 

: 107.3 sq. ft. = 5 per 

» cent, and for roofing 

pies: 36 in. in width, 106.8 
a sq. ft. + 5 per cent. 


(b) 


45-LB. GRADE 55-LB. GRADE 

c) Weight per roll, net average, lb 
(d) Weight of dry felt per 108 sq. ft., lb 
(¢-) Weight 2 saturant (soluble in carbon disulfide) per 108 

(f) Weight of coating (soluble in carbon disulfide) | min., Ib. 

(g) Weight of mineral matter per 108 sq. ft. passing | min. lb., 

No. 6, retained on No. 100 sieve® max., lb. 
(h) Weight of mineral matter per 108 sq. ft. passing | min., Ib. 

No. 100 sieve ® max., lb. 
i) Weight of any 108 sq. ft. roll of complete roofing in ship- 

ment, min., lb 40 50 


j) Pliability At least 8 strips out . oe 


10 from the granule- 
surfaced portion shall 
not crack when bent 
a ; 90 deg. at a uniform 
speed over a rounded 
corner of # in. in 
radius. 
Behavior on heating to 176 F. (80 C.) for 2 hr.*.......... Not more than 1.5 per 
cent volatile matter 


loss. The granular 
surfacing shall not slide 
; more than } in. when 

suspended vertically. 

“ * The weight of saturant per 108 sq. ft. shall not be less than 1.5 times the weight of the dry felt on the 
7, grade, and 1.6 times the weight of the dry felt on the 55-lb. grade. ee 

anule-surfaced portion. 


Surface Finish 
7. (a) The surface of the weather side shall be uniform in finish and 


texture. The mineral granules on the surfaced portion shall be uniformly 


distributed in a smooth layer and shall be firmly embedded in the asphalt 
coating, 


(0) The line between the surfaced and unsurfaced portion shall be 
straight and shall run parallel longitudinally to the edge of the sheet. 
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The surfaced portion shall be 15 in. + } in. on 32-in. roofing and 17 jp, « 

i in. on 36-in. roofing. 
(c) The reverse side of the sheet shall not be coated with asphal 
_ surfaced with mineral granules, or dusted with talc, mica or other fir 


mineral matter. 


Freedom from Defects 


8. The finished roofing shall be free from visible external defect: 
_ such as holes, ragged or untrue edges, breaks, cracks, tears, protuberance: 
and indentations. 


Stickiness 
9. The finished product shall not crack or be so sticky as to caus 
tearing or material damage upon being unrolled at atmospheric temper 


tures above 50 F. (10 C.). 
Packing 


10. (a) Cap sheets shall be put up in rolls, containing sufficient materia 
_ to cover not less than 50 sq. ft. No roll shall contain more than two pieces 
‘ nor shall there be more than 3 per cent of rolls containing two pieces in 
any shipment. ‘The rolls shall be tightly wound and securely wrapped in 
a substantial grade of paper completely encircling the roll and pasted at 
the overlap in such a manner as to prevent shifting from position. The 
ends of the rolls shall be protected with cloth covers or by other suitable 
means. 
(b) Each roll shall be plainly marked with the manufacturer’s name 
and brand. Special packing shall be agreed upon between the purchaser 
‘ and the seller. 


Inspection 


11. Inspection of material shall be made as mutually agreed upon by 
_ the purchaser and the seller as part of the purchase contract. 


Sampling and Testing 
12. The material shall be sampled and the properties enumerated in 
these specifications shall be determined in accordance with the Tentative 
Methods of Testing Asphalt Roll Roofing, Cap Sheets, and Shingles 
| (A.S.T.M. Designation: D 228-37 T) of the American Society of Test- 
ing Materials.’ 


1 See p. 957. 
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TENTATIVE SPECIFICATIONS 
FOR 


ASPHALT FOR DAMP-PROOFING AND WATERPROOFING! 


A.S.T.M. Designation: D 449 —- 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED AS TENTATIVE, 1917; ADOPTED IN AMENDED Form, 1925; 
REVERTED TO TENTATIVE, 1936; REVISED, 1937. 


Scope 

1. These specifications cover asphalt suitable for use as a mopping 
coat in damp-proofing, or as a plying or mopping cement in the construction 
of amembrane system of waterproofing. 


Primer 

2. The material used as a primer shall conform to the Tentative - 
Specifications for Primer for Use with Asphalt in Damp-proofing and Water- 
proofing Below and Above Ground Level (A.S.T.M. Designation: D 41 -_ 
36 T) of the American Society for Testing Materials? shall be used. 


Membrane Waterproofing Materials 
3. For the construction of a membrane system of waterproofing, any | 
or all of the following felts or fabrics conforming to the specifications of the — 
American Society for Testing Materials may be used alone or in various © 
combinations: 
(a) Standard Specifications for Asphalt-Saturated Roofing Felt for __ 
Use in Waterproofing and in Constructing Built-Up Roofs (A.S.T.M. : 
Designation: D 226). 
(b) Standard Specifications for Asphalt-Saturated Asbestos Felt for 
Use in Constructing Built-Up Roofs (A.S.T.M. Designation: D 250). 
(c) Standard Specifications for Woven Cotton Fabrics Saturated with 
Bituminous Substances for Use in Waterproofing (A.S.T.M. Designation: 
D 173), asphalt type. 
Types of Asphalts ~ 


. 4. The asphalts covered by these specifications are of two types, as 
ollows: 


a A Under the standardization procedure of the Society, these specifications are under the jurisdiction of | 
S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. 
lee Uae? specifications are in effect a revision of, and replace the former Tentative Specifications for Asphalt 
ot Use in Damp-proofing and Waterproofing Above Ground Level (D 144 — 36 T), and for Asphalt for Use in 
cad Waterproofing Below Ground Level (D 40 - 36 T), which specifications were accordingly 
tiscon n 

* Proceedings, Am. S ‘esti 6 " 936); ¢ ‘AS 
Tentative Staniarde Testing Mats., Vol. 36, Part I, p. 910 5): also 1937 Book of “A.S.T.M. 

an of ASTM. Standards, Part II, p. 1137. 

* Ibid., p. 1134, 
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Type A.—A soft, adhesive “self-healing” asphalt which flows easily 
under the mop and which is suitable for use below ground level under 
uniformly moderate temperature conditions both during the process ¢j 


installation and during service. 


metho 
Note.—This type of asphalt is suitable for foundations, tunnels, subways, ete, (a 


Type B.—A somewhat less susceptible asphalt with good adhesive and ‘AS.1 


self-healing properties for use above ground level where not exposed to Bit k. 
temperatures exceeding 125 F. (52 C.). ' 


D 36) 
Note.—This type of asphalt is suitable for or railroad bridges, culverts, , retaining walls ( 
tanks, dams, conduits, spray decks, etc. 


minot 
5. The asphalt shall be homogeneous and free from water, and shall Mate 

_ conform to the following requirements: 


Type A ASPHALT Type B AsPHALT 
MIN. Max. MIN. M 


(a) Softening Point 
(ring-and-ball 
method) 115 F. (46C.) 145 F. (63 C.) 145 F. (63 C.) 170 F. (77C. 


Penetration: 
at 0C. (32 F.), 200 
5 wane 10 
at 25 C. (77 F.), 


100 g., 5 sec. 
at (115 

» Sec. 
(c) Ductilite” at 25 
(77 a gh -) (S cm. per 

cm 

on heating at 
(325 F.), 50 
, 5 hr., per cent. 
of resi- 
due, per cent orig- 


inal 
Bitumen soluble in 
carbon disulfide: 
Filled or native 
asphalt, per cent 
Unfilled asphalt, 


per cent 

(g) Bitumen soluble in 
carbon tetrachlo- 
ride, per cent. 

Ash: 
Filled or native as- 

phalt, per cent. 

Unfilled 


per c 

i) Coarse re- 
tained on No. 200 
sieve as percentage 
of bitumen solu- 
ble in carbon di- 
sulfide, per cent. . 

( j) Flash point (Cleve- 

land open cup)... 350 F. (175 C.) tees 400 F. (205 C.) 
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Methods of Sampling and Testing - 

6. The asphalt shall be sampled and the properties enumerated in 
these specifications shall be determined in accordance with the following 
methods of the American Society for Testing Materials: 

(2) Sampling.—Standard Methods of Sampling Bituminous Materials 7 
AS.T.M. Designation: D 140).! = 

(b) Softening Point.—Standard Method of Test for Softening Point of 
Bituminous Materials (Ring-and-Ball Method) (A.S.T.M. Designation: 4 
D 

(c) Penetration.—Standard Method of Test for Penetration of Bitu- _ 
minous Materials (A.S.T.M. Designation: D 

(d) Ductility Standard Method of Test for Ductility of Bituminous 
Materials (A.S.T.M. Designation: D 113).‘ 

(e) Loss on Heating.—Standard Method of Test for Loss on Heating y 
f Oil and Asphaltic Compounds (A.S.T.M. Designation: D 6).5 

(f) Bitumen Soluble in Carbon Disulfide—Standard Method of Test . 
for the Determination of Bitumen (A.S.T.M. Designation: D 4).® 

(2) Bitumen Soluble in Carbon Tetrachloride-—Standard Method of 
Test for the Determination of Proportion. of Bitumen Soluble in Carbon 
Tetrachloride (A.S.T.M. Designation: D 165).’ | 

(h) Ash—Standard Methods of Laboratory Sampling and Analysis ws 
f Coal and Coke (A.S.T.M. Designation: D 271).8 | 

(i) Coarse Particles—Tentative Method of Test for Coarse re 
in Mixtures of Asphalt and Mineral Matter (A.S.T.M. Designation: — 
D 313-37 T).9 

(j) Flash Point—Standard Method of Test for Flash Point by Means © 
{Open Cup (A.S.T.M. Designation: D 92).1° 
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1936 Book of A.S.T.M. Standards, Part II, p. 1088. 
Ibid., p. 1098, 
p. 1080. 
Ibid., p. 1058. 
Ibid., p. 1071. 
1937 Supplement to Book of A.S.T.M. Standards, p. 153. 
953. 
4 1936 Book of A.S.T.M. Standards, Part II, p. 892, : 
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TENTATIVE SPECIFICATIONS 
FOR 


ASPHALT FOR USE IN CONSTRUCTING BUILT-UP 
ROOF COVERINGS! 


_ A.S.T.M. Designation: D 312 - 37 T 


This i is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of t 
_ Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1929; REVISED, 1935, 1937. 


Scope 


1. These specifications cover asphalt intended for use as hot-cement 
and mopping coat in the construction of built-up roof coverings for roofs 
surfaced in various manners, laid either over boards or concrete on various 
inclines, in connection with the Standard Specifications for Asphalt-Satu- 
rated Roofing Felt for Use in Waterproofing and in Constructing Built-Up 
Roofs (A.S.T.M. Designation: D 226)? or the Standard Specifications for 
Asphalt-Saturated Asbestos Felt for Use in Constructing Built-Up Roofs 
(A.S.T.M. Designation: D 250)* of the American Society for Testing 
Materials. 


Types 
2. The asphalts covered by these specifications are as follows: j 
(a) Relatively susceptible asphalts with good adhesive and “self 
healing” properties for use in slag or gravel surfaced roofing on inclines up 
to 3 in. per ft.; 
(b) Somewhat less susceptible asphalts for unsurfaced roofing on I0- 
clines up to 3 in. per ft., and 
(c) Relatively non-susceptible asphalts for \ use on inclines between 3 
and 6 in. per ft. 


Properties 
3. The asphalt shall be homogeneous and free from water. It shall 
conform to the following requirements: 


5 Cader the stantastigation ea of the Society, these specifications are under the jurisdiction of 


the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. © 
2 1936 Book of A.S.T.M. Standards, Part II, p. 1137. 


Ibid, p. 1120. 
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A.S.T.M. Desicnation: D 312-37 T 


Type of Roofing 


Mineral Surfaced Unsurfaced Unsurfaced 
Flat Flat Steep 


Min. Max. in. Max. in. Max. 


For use on decks having inclines: 
Over boards, in. per ft 
Over concrete, in. per ft.: 
With nailing 
Without nailing 


(a) Softening point (Ring-and-Ball Method).. 


b) Penetration: 
0 C. (32 F.), 200 g., 60 sec 
25 C. (77 F.), 100 g., 5 sec 
46 C. (115 F.), 


5 hr., per cent 
(ec) Penetration of residue, Yd cent original. . 
(f) Soluble in carbon disulfide: 
Filled or native asphalt, per cent 
Unfilled asphalt, per cent 
g) Bitumen soluble in carbon tetrachloride, 


Filled or native asphalt, per cent 
Unfilled asphalt, per cent 
(i) Coarse particles retained on No. 200 sieve 
as percentage of matter insoluble in 
carbon disulfide, per cent 


Sampling and Methods of Testing 
4. The asphalt shall be sampled and the properties enumerated in 
these specifications shall be determined in accordance with the following 
methods of the American Society for Testing Materials: 
_ (a) Sampling.—Standard Methods of Sampling Bituminous Materials 
A.S.T.M. Designation: D 140).! 
(b) Softening Point.—Standard Method of Test for Softening Point of 
“ries Materials (Ring-and-Ball Method) (A.S.T.M. Designation: 
36)? 
_ (¢) Penetration—Standard Method of Test for Penetration of Bitu- 
minous Materials (A.S.T.M. Designation: D 5).* 
(d) Loss on Heating.—Standard Method of Test for Loss on Heating 
of Oil and Asphaltic Compounds (A.S.T.M. Designation: D 6). 


» 1936 Book of A.S.T.M. Standards, Part II, p. 1088. 
—_ 
Ibid., p. 1080, 
Ibid., p. 1071. 


931 
(57 C.)|(66 C.)}(57 
ae FF 20 40 | 20 40 
| Ductil 7 F.), (S cm. per min.), 
(d) L 163 C. (325 F.), 50 g., 
60 | .... | 60 
(i) Ash: | 
35 7.51 35 7.5] 35 
12 
self. 
es Up 
n in- 
en 3 
shall 
| 


932 SPECIFICATIONS FOR ASPHALT FOR ROooF COVERINGS 


(e) Ductility—Standard Method of Test for Ductility of Bituminous 
Materials (A.S.T.M. Designation: D 113).! 

(f) Soluble in Carbon Disulfide——Standard Method of Test for the 
Determination of Bitumen (A.S.T.M. Designation: D 4).* 

(g) Ash.—Standard Methods of Laboratory Sampling and Analysis of 
Coal and Coke (A.S.T.M. Designation: D 271).* 

(h) Soluble in Carbon Tetrachloride-—Standard Method of Test for the 
Determination of Proportion of Bitumen Soluble in Carbon Tetrachloride 
(A.S.T.M. Designation: D 165).4 

(z) Coarse Particles —Tentative Method of Test for Coarse Particles 
in Mixtures of Asphalt and Mineral Matter (A.S.T.M. Designation 
D 313 - 37 T).5 


11936 Book of A.S.T.M. Standards, Part II, p. 1058. 

2 [bid., p. 1041. 

§ 1937 Supplement to Book of A.S.T.M. Standards, p. 153. 
1936 Book of A.S.T.M. Standards, Part II, p. 1044. 

§ See.p. 953 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT ROOFING SURFACED WITH COARSE MINERAL 
GRANULES! 
A.S.T.M. Designation: D 249 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuzD AS TENTATIVE, 1926; ADOPTED, 1927; REISSUED AS TENTATIVE, 1933; 
REVISED, 1934, 1935, 1937. 


Scope 

1. These specifications cover asphalt roofing in sheet form sur- 
faced with colored mineral granules, either 36 or 32 in. in width, 
composed of roofing-felt saturated and coated on both sides with 
asphalt and surfaced on the weather side with granulated slate or 
equivalent mineral material (of solid or mixed colors as may be 
mutually agreed upon between the purchaser and seller), and on the 
reverse side with powdered talc or mica. _ 


Manufacture 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphaltic saturant, then coated 
on both sides with a hot asphaltic coating compounded with a fine 
mineral filler substantially insoluble in water, and finally surfaced 
on the weather side with mineral granules embedded in the hot 
asphaltic coating. The reverse side shall be covered with powdered 


talc or mica to prevent the roofing from sticking together in the 
package 


. 
® 


3. The felt shall be composed of a continuous sheet of “felted” 
vegetable and animal fibers. Its surface shall be uniformly smooth 
and free from lumps of unbeaten stock and particles of hard foreign 


substances. 


' Under the standardization procedure of the Society, these specifications are under the jurisdiction _ 
of the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials : 
These specifications are in effect a revision of the former Standard Specifications for Heavy Weight 
Asphalt ee and Heavy Weight Asphalt Shingles Surfaced with Mineral Granules (A.S.T.M. 

: D 249-27), which standard was accordingly discontinued in 1933. 
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934 TENTATIVE SPECIFICATIONS | FOR ASPHALT RoorFinc — 


Character of Saturant and Coatings 


4. The saturant and coatings shall be composed principally of 
asphaltic materials. 


Physical Properties 


5. The fabricated product shall conform to the following 
requirements: 


(a) Width.—The roofing shall be put up in rolls and shall be either 36 or 32 in. 
in width, as may be specified, within a permissible variation of +} in. 


(b) Area.—The average area of the rolls examined shall contain sufficient roofing 
to cover 100 sq. ft. of roof surface (108 sq. ft. with 2 in. or no bare lapping edge, or 
111 sq. ft. with 3 in. lapping edge). 


Max., LB. MIN., LB. 


81.0 

(d) Weight of dry felt per 108 sq. ft.............ccccccccccces saat 10.8 
Weight of saturant (soluble in CS,) per 108 sq. ft.¢ ......... 17.3 


(f) Weight of weather side coating (soluble in CS,) per 108 sq. ft. 20.0 12.0 
. (g) Weight of reverse side coating (soluble in CS,) per 108 sq.ft. 5.0 2.0 
; (h) Weight of mineral matter per 108 sq. ft. passing No. 6 and 


(1) Weight of mineral matter per 108 sq. ft. passing No. 100 sieve 10.0 4.0 
: (j) Weight of any 108 sq. ft. roll of complete roofing in the 
shipment (coarse granule surfaced portion) ............ 80.0 


of 10 shall not 
crack when bent 
90 deg. at a uni- 
form speed over a 
rounded corner of 
2-in. radius. 

not more than 1.5 
per cent volatile 
matter loss. The 
granular surfacing 
shall not slide 
more than ys m 
when suspended 
vertically. 


* The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt, 


Surface Finish 


6. (a) The surface of the weather side shall be uniform in finish 
and texture. The mineral granules shall be uniformly distributed 
over the entire surface (except as noted in Paragraph (6) ) in a smooth 
layer and shall be firmly embedded in the asphalt coating. 


| 
0! 
|: 
| 
| 
| (2) Behavior on heating to 176 F. (80 C.) for 2hr......... 
= 


(b) The coating and granules shall cover the entire weather side 
of the roofing, except that this side may be provided with a bare 
lapping edge, approximately 2 or 3 in. in width along one edge, where 
either the granules alone or both the granules and coating may be 
omitted. 

(c) The reverse side of the sheet shall have the asphalt coating > 
and powdered surfacing applied uniformly to the edges. 


Saturation 

7. The felt shall be completely and uniformly saturated, and | 
shall show no unsaturated spots at any point upon cutting strips at 
random across the entire sheet and splitting them open for their full 


Packing 

9, (a) The roofing shall be put up in rolls of either 108 sq. ft. when 
made with a 2-in. or no bare-lapping edge or 111 sq. ft. when made 
with a 3-in. bare-lapping edge. No roll shall contain more than two 
pieces nor shall there be more than 3 per cent of the rolls containing 
two pieces in any shipment. The rolls shall be tightly wound, and 
securely wrapped with a substantial grade of paper completely 
encircling the roll, and pasted at the overlap in such a manner as to 
prevent shifting from position. The ends of the rolls shall be protected 
with cloth covers or by other suitable means. ‘The nails and lap- 
cement shall be packed in the core of each roll or furnished separately 
if so specified by the purchaser. 


(6) Each roll shall be plainly marked with the manufacturer’s 
name and brand. Special packing shall be as agreed upon between 


the purchaser and seller. 

<<.  . | 
10. (a) Nails—The gage of the wire shall not be greater than 

Washburn & Moen No. 10 (0.135 in.) nor thinner than No. 12 (0.105 © 

in.); the head shall not be less than 3 in. in diameter, and not less than 

0.025 in. in thickness; the shank shall be between 3 and 1 in. in length, 

with its lower end pointed, and shall be either smooth or barbed, and 

if the latter, then the barbings shall not increase the diameter of the 

lower two-thirds more than 0.01 in. ‘The nails shall be zinc coated | 

with not less than 3 oz. nor more than 1} oz. per sq. ft. of nail surface. 

Hot-galvanized, electrogalvanized, or sherardized coatings will be 

accepted. There shall be furnished per “square” not less than an © 


average of 252 nails for 36-in. roofing, and not less than an average 
of 275 nails for 32-in. roofing. 


AS.T.M. Desicnation: D 249-37 T 935 
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936 TENTATIVE SPECIFICATIONS FOR ASPHALT ROOFING ' 


(b) Lap-Cement.—The cement shall be composed of bituminous 
materials dissolved in a volatile solvent, and shall be of such a nature 
as to firmly bind the laps without injurious effect upon the roofing. 
_ The cement shall have a minimum flash point of 71 F. (21.5 C.) when 
tested by the Tag Closed-Cup Tester. There shall be furnished for 
each “square” of 36-in. roofing not less than 3 pt. of cement and 
for 32-in. roofing not less than 1 pt. of cement. The addition of 5 to 
20 per cent by weight of short-fibered asbestos shall be permitted, 
in which case the quantity of cement shall be increased by } pt. per 
“‘square.” 

(c) Special Fixtures—Special fixtures may be furnished in lieu 
of nails and cement, if agreed upon by the purchaser and seller. 


Sampling and Testing 

11. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Asphalt Roll Roofing, Cap Sheets, and 
Shingles (A.S.T.M. Designation: D 228-37 T) of the American 
Society for Testing Materials." 


Inspection 


12. Inspection of material shall be made as mutually agreed 
upon by the purchaser and seller as part of the purchase contract. 


1 See p. 957. 
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TENTATIVE SPECIFICATIONS 
FOR 


ASPHALT ROOFING SURFACED WITH FINE MINERAL 
GRANULES! 


AS.T.M. Designation: D 248 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision shculd be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED AS TENTATIVE, 1926; ADOPTED, 1927; REISSUED AS TENTATIVE, 1933; 
REVISED, 1934, 1935, 1937. 


Scope 
1. These specifications cover asphalt roofing in sheet form sur- ' 


faced on the weather side with fine mineral granules, either 36 or 32 


in. in width, composed of roofing felt saturated and coated on both 
sides with asphalt. 


Manufacture 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphaltic saturant then coated 
on both sides with a hot asphalt coating compounded with a fine 
mineral filler substantially insoluble in water, and finally surfaced on 
the weather side with fine granules of talc or other mineral material, 
and of a color as may be mutually agreed upon between the pur- 
chaser and seller, embedded in the hot asphaltic coating. The 
reverse side shall be covered with powdered talc or mica to prevent 
the roofing from sticking together in the package. —_ hie 
Character of Felt 


3. The felt shall be composed of a continuous sheet of “felted” 
vegetable and animal fibers. Its surface shall be uniformly smooth 


and free from lumps of unbeaten stock and particles of hard foreign 
substances. 


' Under the standardization procedure of the Society. these specifications are under the jurisdiction . 

of the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. ‘ 
These specifications are in effect a revision of the former Standard Specifications for Asphalt 

Roll-Roofing Surfaced with Granular Talc (A.S.T.M. Designation: D 248 ~ 27), which standard was 


accordingly discontinued in 1933. 
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938 TENTATIVE SPECIFICATIONS FOR ASPHALT ROOFING — 


Character of Saturant and Coatings 


4. The saturant and coatings shall be composed principally of 
asphaltic materials. 


Physical Properties 


5. The fabricated product shall conform to the following require- 
ments: 


(a) Width.—The roofing shall be put up in rolls and shall be either 36 or 32 in. 
in width, as may be specified, within a permissible variation of +} in. 
(b) Area.—The average area of the rolls examined shall contain not less than 
108 or 216 sq. ft., as specified, which shall be sufficient to cover 100 or 200 sq. ft., 
respectively, of roof surfacee = 
GRADES 
65 LB. 55 LB. 
MAx., LB. MIN., LB. MAx., LB. MIN,, LB. 
(c) Weight per roll, net avg. per 108 sq. ft.... .... 62.0 eae 52.0 
(d) Weight of dry felt per 108 sq. ft wae 13.5 pam 10.8 
(e) Weight of saturant (soluble in CS,) per 108 
(f) Weight of weather side coating (soluble in 
CS.) per 108 sq. ft 
(g) Weight of reverse side coating (soluble in 
CS,;) per 108 sq. ft. 
(h) Weight of mineral matter per 108 sq. ft.: 
Passing No. 14 and retained on No. 100 
12.0 3.0 


3.0 
Passing No. 100 sieve , 4.0 10.0 4.0 
(4) Weight of any 108 sq. ft. roll of complete 
roofing in the 60.0 50.0 
at least 8 strips out of 10 shall not 
crack when bent 90 deg. at a uni- 
form speed over a rounded corner 
of }-in. radius. 


(k) Behavior « on n heating to ‘176 os (80 C.) for 
not more than 1.5 per cent volatile 
- matter loss. There shall be no 
. flowing, sagging, blistering, or ab- 
sorption of the asphalt coatings. 


* The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt. 


Surface Finish 


6. The surface shall be smooth or finely 7 veined in appearance. 
Deeply ribbed surfaces shall be rejected. 


Distribution of Coating and Surfacing 
7. The coating and surfacing shall be applied uniformly and of 


approximately equal thickness on both sides and up to the edges of 
the sheet. 
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Saturation 

8. The felt shall be completely and uniformly saturated, and shall 
show no unsaturated spots at any point upon cutting strips at random 
across the entire sheet and splitting them open for their full length. 


Freedom from Defects 


9. The finished product shall be free fr eon visible external defects, 5 
such as holes, ragged or untrue edges, rents, cracks, tears, protuber- 


Pliability and Stickiness 

10. The finished product shall not crack or be so sticky as to 
cause tearing or material damage, upon being unrolled at atmospheric ; 
temperatures above 50 F. (10 C.). 


Packing 

11. (a) The roofing shall be put up in rolls of either 108 or 216 sq. 
ft. No roll shall contain more than two pieces nor shall there be more 
than 3 per cent of the rolls containing two pieces in any shipment. 
The rolls shall be tightly wound and securely wrapped in a sub- 
stantial grade of paper completely encircling the roll, and pasted at 
the overlap in such a manner as to prevent shifting from position. 
The ends of the rolls shall be protected with cloth covers or by other : 


suitable means. The nails and lap-cement shall be packed in the 
core of each roll or furnished separately if so specified by the pur- — 
chaser. 

(b) Each roll shall be plainly marked with the manufacturer’s 
name and brand. Special packing shall be as agreed upon between 


the purchaser and seller. 
12. (2) Nails—The gage of the wire shall not be greater than 
Washburn & Moen No. 10 (0.135 in.) nor thinner than No. 12 (0.105 
in.); the head shall not be less than # in. in diameter, and not less than 
0.025 in. in thickness; the shank shall be between 3 and 1 in. in length, 
with its lower end pointed, and shall be either smooth or barbed, 
and if the latter, then the barbings shall not increase the diameter of 
the lower two-thirds more than 0.01 in. The nails shall be zinc 
coated with not less than 3 oz. nor more than 1} oz. per sq. ft. of nail 
surface. Hot-galvanized, electrogalvanized, or sherardized coatings 
will be accepted. There shall be furnished per “square” not less 


than an average of 252 nails for 36-in. roofing, and not less than an 
average of 275 nails for 32-in. roofing. 


A.S.T.M. Desicnation: D 248-37 T 
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940 — SPECIFICATIONS FOR ASPHALT ROOFING 


(b) Lap-Cement.—The cement shall be composed of bituminous 
materials dissolved in a volatile solvent, and shall be of such a nature 
as to firmly bind the laps without injurious effect upon the roofing. 
The cement shall have a minimum flash point of 71 F. (21.5 C.) when 
tested by the Tag Closed-Cup Tester. There shall be furnished for 
each “‘square” of 36-in. roofing not less than # pt. of cement and 
for 32-in. roofing not less than 1 pt. of cement. The addition of 5 
to 20 per cent by weight of short-fibered asbestos shall be permitted, 
in which case the quantity of cement shall be increased by } pt. per 
“square.” 

(¢) Special Fixtures—Special fixtures may be furnished in lieu 
of nails and cement, if agreed upon by the purchaser and seller. 


Sampling and Testing 

13. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Asphalt Roll Roofing, Cap Sheets, and 
Shingles (A.S.T.M. Designation: D 228-37 T) of the American 
Society for Testing Materials." 


Inspection 
14. Inspection of material wy be —_ as mutually agreed 


upon by the purchaser and seller as part of the purchase contract. 


1See p. 957. 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT ROOFING SURFACED WITH POWDERED TALC 
OR MICA! 
A.S.T.M. Designation: D 224 -37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssugD AS TENTATIVE, 1925; ADOPTED IN AMENDED Form, 1927; REISSUED AS 
TENTATIVE, 1933; REVISED, 1934, 1935, 1937. 


Scope 
1. These specifications cover asphalt roofing in sheet form sur- 
faced with finely powdered mineral matter, either 36 or 32 in. in width, 


composed of roofing felt saturated and coated on both sides with 
asphalt. 


Manufacture 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphaltic saturant then coated 
on both sides with a hot asphaltic coating compounded with a finely 
powdered mineral filler, substantially insoluble in water, and finally 
surfaced on both sides with powdered talc or mica to prevent the 
roofing from sticking together in the package. 


Character of Felt 


3. The felt shall be composed of a continuous sheet of “felted” 
vegetable and animal fibers. Its surface shall be uniformly smooth 


and free from lumps of unbeaten stock and particles of hard foreign 
substances. 


Character of Saturant and Coatings 


4. The saturant and coatings shall be composed principally of 
asphaltic materials. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 
of the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. 

These specifications are in effect a revision of the former Standard Specifications for Asphalt 
Roll-Roofing Surfaced with Powdered Talc (A.S.T.M. Designation: D 224-27), which standard was 
sccordingly discontinued in 1933. 
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942 TENTATIVE SPECIFICATIONS FOR ASPHALT ROOFING 


Physical Properties 


5. The fabricated product shall conform to the following re. 
quirements: 


(a) Width.—The roofing shall be put up in rolls and shall be either 36 or 32 in, 
in width, as may be specified, within a permissible variation of +} in. 

(6) Area.—The average area of the rolls examined shall contain not less thay 
108 or 216 sq. ft., as specified, which shall be sufficient to cover 100 or 200 sq. ft., 
respectively, of roof surface. 


GRADES 
65 LB. 55 La, 
Max., LB. MIN., LB. Max., LB. Min., Le, 

(c) Weight per roll, net avg. per 108 sq. ft..... ae 62.0 aaa 52.0 
(d) Weight of dry felt per 108 sq. ft.......... — 13.5 weal 10.8 
(e) Weight of saturant (soluble in CS,) per 108 

(f) Weight of mineral filled coating and surface 

mineral matter per 108 sq. ft......... ee 18.0 neta 18.0 


(g) Percentage by weight of mineral matter 
passing a No. 100 sieve on basis of total 
weight of mineral fillled coating and sur- 
face mineral matter as determined in (f) 50.0 15.0 50.0 15.0 

per cent percent percent percent 

(hk) Weight of any 108 sq. ft. roll of complete 


roofing in the shipment ............ wie 60.0 seni 50.0 
at 77 C..) at least 8 strips out of 10 shall not 


crack when bent 90 deg. at a uni- 
form speed over a rounded corner 
of 3-in. radius. 
(j) Behavior on heating to 176 F. (80 C.) for 
Pelercékaesensindéiesesssacvetasveent not more than 1.5 per cent volatile 
matter loss. There shall be no 
flowing, sagging, blistering or ab- 
sorption of the asphalt coatings. 


* The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt. 


Surface Finish 


6. The surface shall be smooth or finely veined in appearance. 
Deeply ribbed surfaces shall be rejected. 


Distribution of Coating and Surfacing 


7. The coating and surfacing shall be applied uniformly and of 


approximately equal thickness on both sides and up to the edges of 
the sheet. 


8. The felt shall be completely and uniformly saturated, and 
shall show no unsaturated spots at any point upon cutting strips at 
random across the entire sheet and splitting them open for their full 
length. 
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A.S.T.M. D 224 - 37 T 


Freedom from Defects 


9. The finished product shall be free from visible external defects, 
such as holes, ragged or untrue edges, rents, cracks, tears, protuberances 
and indentations. 


7 6 
iy 


. The finished product shall not crack or be so sticky as to 
cause pte or material damage, upon being unrolled at atmos- 
pheric temperatures above 50 F. (10 C.). 
Packing 

11. (a) The roofing shall be put up in rolls of either 108 or 216 sq. ft. 
No roll shall contain more than two pieces nor shall there be more 
than 3 per cent of the rolls containing two pieces in any shipment. 
The rolls shall be tightly wound and securely wrapped in a sub- 
stantial grade of paper completely encircling the roll, and pasted at 
the overlap in such a manner as to prevent shifting from position. 
The ends of the rolls shall be protected with cloth covers or by other 
suitable means. ‘The nails and lap-cement shall be packed in the core 
of each roll or furnished separately if so specified by the purchaser. 

(6) Each roll shall be plainly marked with the manufacturer’s 
name and brand. Special packing shall be as agreed upon between the _ 
Nails and Lap-Cement a 

12. (a) Nails—The gage of the wire shall not be greater than 
Washburn & Moen No. 10 (0.135 in.) nor thinner than No. 12 (0.105 
in.); the head shall not be less than 3 in. in diameter, and not less than 
0.025 in. in thickness; the shank shall be between } and 1 in. in 
length, with its lower end pointed, and shall be either smooth or 
barbed, and if the latter, then the barbings shall not increase the 
diameter of the lower two-thirds more than 0.01 in. The nails shall 
be zinc coated with not less than 3 oz. nor more than 1} oz. per sq. ft. 
of nail surface. Hot-galvanized, electrogalvanized, or sherardized 
coatings will be accepted. There shall be furnished per ‘“‘square” 
not less than an average of 252 nails for 36-in. roofing and not less 
than an average of 275 nails for 32-in. roofing. 

(b) Lap-Cement.—The cement shall be composed of bituminous 
materials dissolved in a volatile solvent, and shall be of such a nature 
as to firmly bind the laps without injurious effect upon the roofing. 
The cement shall have a minimum flash point of 71 F. (21.5 C.) when 
tested by the Tag Closed-Cup Tester. There shall be furnished 
for each “square” of 36-in. roofing not less than ? pt. of cement and 
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for 32-in. roofing not less than 1 pt. of cement. The addition of 5 to 
20 per cent by weight of short-fibered asbestos shall be permitted, 
in which case the quantity of cement shall be increased by } pt. per 
“square.” 

(c) Special Fixtures —Special fixtures may be furnished in liey 
of nails and cement, if agreed upon by the purchaser and seller. 


Sampling and Testing 

13. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Asphalt Roll Roofing, Cap Sheets and 
Shingles (A.S.T.M. Designation: D 228-37 T) of the American 
Society for Testing Materials. 
Inspection 

14. Inspection of material shall be made as mutually agreed upon 
by the purchaser and seller as part of the purchase contract. 

1 See p. 957. 
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TENTATIVE SPECIFICATIONS 
FOR 


ASPHALT SHINGLES SURFACED WITH COARSE 
MINERAL GRANULES! 


A.S.T.M. Designation: D 225 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1925; ADOPTED IN AMENDED Form, 1927; REVISED, 1929; 
REISSUED AS TENTATIVE, 1933; REVISED, 1934, 1935, 1937. 

Scope 

1. These specifications cover asphalt roofing in shingle form sur- 
faced with colored mineral granules, composed of roofing felt saturated 
and coated on both sides with asphalt and surfaced on the weather 
side with granulated slate or equivalent mineral material (of solid or 
mixed colors as may be mutually agreed upon between the purchaser 
and seller), and on the reverse side with powdered talc or mica. Such 


roofing is intended for use as a roof covering for buildings. __ a 


Manufacture 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphaltic saturant, then coated 
on both sides with a hot asphaltic coating compounded with a fine 
mineral filler substantially insoluble in water, and finally surfaced 
on the weather side with mineral granules embedded in the hot 
asphaltic coating. ‘The reverse side shall be covered with powdered 


talc or mica to prevent the roofing from sticking together in the 
package. 


Character of Felt 


3. The felt shall be composed of a continuous sheet of “felted” 
vegetable and animal fibers. Its surface shall be uniformly smooth and 


free from lumps of unbeaten stock and particles of hard foreign sub- 
stances. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 
of the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. 

These specifications are in effect a revision of the former Standard Specifications for Asphalt 
Roll-Roofing and Asphalt Shingles Surfaced with Mineral Granules (A.S.T.M. Designation: D 225 - 
29), which standard was accordingly discontinued in 1933. 
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Character of Saturant and Coatings 
4. The saturant and coatings shall be composed Principally of 


asphaltic materials. $= 
Physical Properties 

5. The fabricated product shall conform to the following require. 
ments: 


(a) Shape.—The form and size of the shingles shall be as agreed upon between 
the purchaser and seller. 


(b) Area.—Sufficient material per ‘‘square” shall be furnished to adequately 
waterproof 100 sq. ft. of roof surface. 


Heavy WEIGHT REGULAR WEIGHT 
Max., LB, MIn., LB. Max., LB. LB, 


(c) Weight, net avg. per 108 sq. ft............ . 86.0 
(d) Weight of dry felt per 108 sq. ft.......... water $3.7 srters 10.8 
(e) Weight of saturant per 108 sq. ft.*........ neces 27.5 ee 18.9 
(f) Weight of weather side coating (soluble in 

20.0 12.0 20.0 12.0 
(g) Weight of reverse side coating (soluble in 

5.0 2.0 5.0 2.0 


(h) Weight of mineral matter per 108 sq. ft. 
passing No. 6 and retained on No. 100 


(4) Weight of mineral matter per 108 sq. ft. 

passing No. 100 sieve.............e0. 10.0 4.0 10.0 4.0 
(7) Weight of complete roofing per 108 sq. ft.. .... 97.0 ede 83.0 
(k) Behavior on heating to 176 F. (80 C.) for 
not more than 1.5 per cent volatile 


matter loss. The granular sur- 
facing shall not slide more than 
vs in. when suspended vertically. 


* The weight of saturant per 108 sq. ft. shall be not less than 1.75 times the weight of the dry felt. 


Surface Finish 


6. (a) The weather surface shall be uniform in finish and texture. 
The mineral granules shall be uniformly distributed over the entire 
surface and so firmly embedded in the asphalt coating that when 
rubbed vigorously with the hand, sufficient will remain to completely 
cover the coating. 

(b) The reverse side shall have a substantial coating of asphalt 


applied uniformly to the edges and be surfaced with powdered talc or 
mica. 


The felt shall be completely and uniformly saturated, and shall 
mm no unsaturated spots at any point upon cutting strips 2 in. in 
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width across the entire shingle and splitting them open for their 
entire length. 


Freedom from Defects 


g. The finished shingles shall be free from visible external defects 
such as holes, ragged or untrue edges, rents, cracks, indentations or 
lumps of coating. The shingles shall not stick together in the packages 
s9 as to cause damage upon being unpacked at oinengnen tempera- 
tures above 50 F. (10 C). 


Packing 
9. (a) The shingles shall be put up in —s weighing not more 
than 135 lb., gross. They shall be packed in cardboard cartons or 
between wood or cardboard ends and tied with wire or metal bands 
so as to make a substantial package, as may be agreed upon by the 
purchaser and seller. 

(b) Each package shall be plainly marked with the manufacturer’s 
name and brand and shall contain printed directions for laying. 


Sampling and Testing 

10. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Asphalt Roll Roofing, Cap Sheets, 
and Shingles (A.S.T.M. Designation: D 228 — 37 T) of the American 
Society for Testing Materials.! 
Inspection 

11. Inspection of material shall be made as mutually agreed upon 
by the purchaser and seller as part of the purchase contract. 


1See p. 957. 
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TENTATIVE SPECIFICATIONS 
FOR 
COAL-TAR PITCH FOR ROOFING, DAMP-PROOFING AND 
WATERPROOFING! 


_ A.S.T.M. Designation: D 450 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 1 
annual revision. Suggestions for revision should be addressed to the Headquarters of th: 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 
Scope 


1. These specifications cover coal-tar pitch suitable for use as a mopping 
coat in the construction of built-up roofs surfaced with slag or gravel, as: 
mopping coat in damp-proofing, or as a plying or mopping cement in the 


construction of a membrane system of waterproofing. 
Primer 


2. The material used as a primer shall be creosote conforming to the 
Tentative Specifications for Creosote for Priming Coat with Coal-Tar Pitch 
in Damp-proofing and Waterproofing (A.S.T.M. Designation: D 43 - 371, 
of the American Society for Testing Materials. 


Membrane Materials 


3. For the construction of built-up roofs, felts conforming to the 
Standard Specifications for Coal-Tar Saturated Roofing Felt for Use in 
Waterproofing and in Constructing Built-Up Roofs (A.S.T.M. Designation: 
D 227) of the American Society for Testing Materials* shall be used. 

4. For the construction of a membrane system of waterproofing, aly 
or all of the following felts, fabrics, or burlap conforming to the specifications 
of the American Society for Testing Materials may be used alone or 
various combinations: 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. 
These tentative specifications are in effect a revision of, and replace the former Tentative S vetTh 
High-Carbon Coal-Tar Pitch for Use in Damp-proofing and Waterproofing Below Ground Leve os (D 145- 
for High-Carbon Coal-Tar Pitch for Use in Damp-proofing and Waterproofing Above Ground Leve 4 Led 
36 T), for High-Bitumen Coal-Tar Pitch for Use in Damp-proofing and Waterproofing Below hay 
D 200 — 36 T), for High-Bitumen Coal-Tar Pitch for Use in Damp-proofing and Waterproofin —— witd 
vel (D 201 - 36 T), for High-Carbon Coal-Tar Pitch for Use in Constructing Built-Up Roots St Up Rois 
Slag or Gravel (D 251 - 36 T), and for High-Bitumen Coal-Tar Pitch for Use in Constructing egy 
Surfaced with Slag or Gravel (D 252-36 I), which specifications were accordingly discontinued in . 


2See p. 951. 
31936 Book of A.S.T.M. Standards, Part II, p. 1140. 
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949 


(a) Standard Specifications for Coal-Tar Saturated Roofing Felt for 
in Waterproofing and in Constructing Built-Up Roofs (A.S.T.M. 
ignation: D 227). 

()) Standard Specifications for Woven Cotton Fabrics Saturated with 
ituminous Substances for Use in Waterproofing (A.S.T.M. Designation: 
173),? coal-tar saturant. 

(c) Standard Specifications for Burlap Saturated with ee 
Substances for Use in Waterproofing (A.S.T.M. Designation: D 174), 


AND oal-tar saturant. 7 
Types of Pitch 
5. The coal-tar pitches covered by these specifications are of two types, 
abject as follows: 
Type A.—Coal-tar pitch for use as a mopping coat in the construction 
built-up roofs surfaced with slag or gravel on inclines not exceeding 3 in. 
per ft. where nailing is employed, and not exceeding 1 in. per ft. where 
iiling is omitted. 
opping Coal-tar pitch for use as a mopping coat in damp-proofing or as a 
dl, aS¢ @ plying cement in the construction of a membrane system of waterproofing 
in the above ground level when not exposed to temperatures exceeding 125 F. 
C). 
Note.—This type of coal-tar pitch is suitable for railroad bridges, tanks, retaining " 
be , culverts, dams, conduits, etc. 
bee Type B.— Coal-tar pitch for use as a mopping coat in damp-proofing or 
317 s a plying cement in the construction of a membrane system of water- 


proofing below ground level under uniformly moderate temperature con- 
litions both during the process of installation and during service. _ 


to the Properties 


Use in 


6. The coal-tar pitch shall be homogenous and shall conform to the | 
ration: 


ollowing requirements: 


| MIN. Max, 

8, an! Specific gravity at 25/25 C. (77/77 F.).......... 1.22 - 1.34 
cations ftening point (cube-in-water method): 


120F.(49C.) 140 F, (60 C.) 
¢) Distillation test: 


175 F. (79 C.) 


1 
of Standards, Part II, p. 1140. 


 Ibid., p. 1131. 
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Min. Max. 
(g) Ductility at 25 C. (77 F.) (5 cm. per min.), cm... 50 ae, 
(h) Total bitumen soluble in carbon disulfide, per cent 72 85 


(7) Ash, per cent eee 0.5 


Note.—The usual range for softening point of roofing pitch shall be 140 to 150 F. 


In hot summer we 
a softening point range of 145 to 155 F. will be permitted. 


Methods of Sampling and Testing 7 

7. The coal-tar pitch shall be sampled and the properties enumerate 
in these specifications shall be determined in accordance with the followin; 
methods of the American Society for Testing Materials: 

(a) Sampling.—Standard Methods of Sampling Bituminous Materia 
(A.S.T.M. Designation: D 140).! 

(b) Water.—Standard Method of Test for Water in Petroleum Product: 
and Other Bituminous Materials (A.S.T.M. Designation: D 95). 

(c) Specific Gravity—Standard Method of Test for Specific Gravity «i 
Road Oils, Road Tars, Asphalt Cements and Soft Tar Pitches (A.S.T.M. 
Designation: D 70). 

(d) Softening Point.—Standard Method of Test for Softening Point of 
Tar Products (Cube-in-Water Method) (A.S.T.M. Designation: D 61): 

(e) Distillation—Standard Method of Test for Distillation of Bitu- 
minous Materials Suitable for Road Treatment (A.S.T.M. Designation: 
D 20).5 

(f) Ductility—Standard Method of Test for Ductility of Bituminous 
Materials (A.S.T.M. Designation: D 113).® 

(g) Total Bitumen (Soluble in Carbon Disulfide).—Standard Method of 
Test for the Determination of Bitumen (A.S.T.M. Designation: D 4).” 

(h) Ash.—Standard Methods of Laboratory Sampling and Analysis of 
Coal and Coke (A.S.T.M. Designation: D271).% 


11936 Book of A.S. T. M. Stands ar’ de, art II, P. 
2]bid.,p.997. 
3 Ibid., p. 1110. 


4 Jbid., p. 1103. 

Ibid., p. 1053. 

Jbid., p. 1041. 

81937 "Suppl ement to Book of A.S.T.M. Standards, p. 153. 
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erated TENTATIVE SPECIFICATIONS 
llowing FOR 
CREOSOTE FOR PRIMING COAT WITH COAL-TAR PITCH 


teria IN DAMP-PROOFING AND WATERPROOFING! 


oduct A.S.T.M. Designation: D 43 - 37 T 


-"y a This is a Tentative Standard and under the Regulations of the Society is subject to 
TM. annual revision. Suggestions for revision should be addressed to the Headquarters of the f 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1917; ADOPTED IN AMENDED Form, 1925; 
1). _REVERTED TO TENTATIVE, 1936; REVISED, 1937. 


 Bitu- 
ation: 


Scope 


1. These specifications cover creosote primer for use, when specified, : 


ninous @ With coal-tar pitch in damp-proofing and waterproofing below or above 


ground level, for application to concrete and masonry surfaces. oe 
hod of 


Properties 


ysis of 2. Creosote primer shall be a distillate of coal-gas tar or coke-oven 
ar and shall conform to the following requirements: 
not more than 1 per cent 
entirely fluid and crystal free 


| - insoluble in benzol not more than 0.5 per cent 


) not more than | per cent 
Up to 235 C not more than 10 per cent 
Upto 355 C not less than 65 per cent 
Ke residue not more than 2 per cent 


Sampling 


3. (a) From each shipment or portion thereof representing creosote of 
the same kind, a number of packages shall be selected at random equivalent 
'o the cube root of the total number of packages in the lot. If the cube root 
s calculated proves to be a fractional number, it shall be expressed as the 
next higher whole number. For convenience, the following table is given 


showing the number of samples to be selected for shipments of various sizes: 


the his tee the standardization ae of the Society, these specifications are under the urisdiction of 
Committee D-8 on te el Waterproofing and Roofing Materials. 


| 
| 
Wea 


SPECIFICATIONS FOR CREOSOTE PRIMER (D 43 - 37 T) 


NUMBER OF 
PACKAGES IN SHIPMENT PACKAGES SELECTED PACKAGES IN SHIPMENT 
217 to 
344 to 
513 to 
730 to 1000 
1001 to 1331 


Numper ¢ 
PACKAGES Se 


_ (b) By means of a paddle, the contents of each package selected 
be thoroughly stirred so as to bring all portions thereof into uniform distribu 
tion. With an appropriate sampler, not less than 1 pt. of the creosote shal 
be immediately drawn out from the center of each package and transferred 

to a clean receptacle of suitable size, which in turn shall be kept tightl; 
covered, prior and immediately after said samples are being introduced 

_ After all the pint samples have been added, the contents of the container 

_ shall be thoroughly agitated, whereupon 1 qt. of the mixture shall immedi- 
ately be transferred to a clean quart can provided with a tightly fitting screw 
cap, which shall be immediately fastened in place. ‘This sample shall be 
considered as representative of the shipment and shall be transmitted to the 

_ laboratory for examination, bearing a suitable tag or other means of identi- 
fication. 

(c) Creosote primer in large shipments shall be sampled in accord- 
ance with the procedure described in the Standard Methods of Sampling 
and Testing Creosote (A.S.T.M. Designation: D 38) of the American 
for Testing Materials.' 


4. The properties enumerated i in these specifications shall be determined 
in accordance with the following methods of test of the American Society for 
Testing Materials: 

(a) Water.—Standard Method of Test for Water in Creosote (A.S.T.M. 
Designation: D 370).? 

(b) Specific Gravity—Standard Method of Test for Specific Gravity of 
Creosote (A.S.T.M. Designation: D 368).3 

(c) Matter Insoluble in Benzol.—Standard Methods of Test for Insoluble 

_ Matter in Creosote (A.S.T.M. Designation: D 367).4 

(d) Distillation—Standard Method of Test for Distillation of Creosote 
(A.S.T.M. Designation: D 246).5 

(ec) Coke Residue-—Standard Method of Test for Coke Residue of 

Creosote (A.S.T.M. Designation: D 168).* 

(f) Volume and Specific Gravity CorrectionStandard Volume and 
Specific Gravity Correction Tables for Creosote, Creosote-Coal Tar Solution 
(up to 50 per cent Tar) and Coal Tar (Coke-Oven Tars) (A.S.T.M. Designa- 

tion: D 347).7 


Ibid., p. 535. [bid., p. ibid. id., p. 556 


11936 Book of A.S.T.M. Standards, Part II, p. _ 538. Ibid., p. 548 
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1 shall FOR 
stribu- COARSE PARTICLES IN MIXTURES OF ASPHALT AND 


MINERAL MATTER! 

ferred 

ightly A.S.T.M. Designation: D 313 —- 37 T | 
luced, This is a Tentative Standard and under the Regulations of the Society is subject to 


tainer anual revision. Suggestions for revision should be addressed to the Headquarters of 
meds society, 260 S. Broad St., Philadelphia, Pa. 


screw IssuED, 1929; REVISED, 1935, 1937, 

all be Scape 
to the 1. This method covers the determination of the amount of particles of 

mineral or other insoluble matter in asphaltic mixtures that are retained 

upon a No. 200 (74-micron) A.S.T.M. sieve. 


‘cord- Sampling 
pling 2. The material shall be sampled in accordance with the Standard 


denti- 


ican Methods of Sampling Bituminous Materials (A.S.T.M. Designation: 


D) 140) of the American Society for Testing Materials.” 
Preparation of Sample 


3. The sample as received shall be completely melted in an oven at the © 
yest possible temperature, stirred well to insure homogeneity, and 
samples for test taken immediately. : 


Apparatus 
4. (a) The apparatus shall consist either of a 3-in. No. 200 (74-micron) 
sieve or, a crucible sieve, 13 in. in diameter at the top and 1} in. in diameter 
at the bottom containing a No. 200 (74-micron) sieve. ‘The sieve shall 
conform to the requirements of the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Designation: E11) of the American 
Society for Testing Materials.* 
(b) A 3-in. No. 200 (74-micron) sieve for comparison purposes shall 
be retained in the laboratory as a standard. Whenever a new sieve is 
secured, a practical test of its accuracy should be made by running on it, 
and on the standard sieve, a comparison test, using powdered mineral 
matter that has a considerable percentage of coarse particles. A reserve _ 
stock of such powdered mineral filler should be kept for this purpose. 


7 
Conan ie standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 


8 on Bituminous Waterproofing and Roofing Materials. 
+1936 Book of A.S.T.M. Standards, Part II, p. 1088. Py : 
Idid., p. 1413, 
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954 Trst FoR COARSE PARTICLES IN ASPHALT Mixtures (D 313-377 


Procedure 


5. (a) The sieve shall be dried in an oven at 105 to 110 C., cooled 
and then weighed on an analytical balance, the weight being recorded 
the nearest 1 mg. 

(b) A sample of the asphalt sufficient to yield about 1 g. of miner, 

_ matter shall be weighed into a 400-ml. beaker. Then carbon disulfide 
carbon tetrachloride or benzol shall be added and the mixture warmed 
until the asphalt is entirely dissolved. The solution obtained shall be 
poured through the weighed sieve, and the residue in the beaker shall be 
washed onto the sieve, using the solvent employed. 

(c) The sieve containing the residue shall be washed with a fine jet 

_ of the solvent from a wash bottle until free from asphalt and fine mineral 
matter, then dried, tapped lightly to remove any fine mineral matter held 
on the wires, and weighed. During the washing, the sieve shall be held 

so that the liquid will drain through readily. _ oe 


P Percentage of Coarse Particles 


6. The percentage of coarse particles in the mineral matter shall be | 
calculated from the weight of the sample taken, the percentage of matter 


insoluble in carbon disulfide and the weight of the residue retained on the 
sieve. 


Scop 
4 
ive 
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TENTATIVE METHOD OF TESTING FILMS DEPOSITED 
BITUMINOUS EMULSIONS! 


A.S.T.M. Designation: D 466 - 37 T | 


This is a Tentative Standard and under the Regulations of the Society is subject to 
anual revision. Suggestions for revision should be addressed to the Headquarters of the 
iety, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937.2 


RESISTANCE TO FLow UNbER Heat TEstT) 
Scope 
1. The slide test is applicable to bituminous emulsions or reinforced : 
emulsions intended to be applied in films of the approximate thickness 
lescribed in the method and on substantially vertical surfaces. 


= 
2. The following apparatus will be required: 


(a) Brass Mask.—A brass mask approximately ¢¥ in. in thickness with — 
rectangular opening of at least 12 sq. in. 
(b) Tiles-—Unglazed ceramic tiles? approximately 6 by 6 in. or of 
licient size to accommodate the opening of the mask. 


latter 
n the 


Procedure 


3. (a) Preparation of Tile-—The tile shall be immersed in distilled 

ter for at least 10 min. and the excess water removed immediately before 
application of the emulsion. 

__(b) Preparation of Film.—The sample of emulsion shall be thoroughly 
tired. The brass mask shall then be applied to the smooth face of the 
tile and the emulsion spread over the area of, the tile within the mask 
pening. The excess emulsion shall be doctored off with a flat scraper so 
that the film after drying averages 0.6 to 1.0 g. per sq. in. (0.10 to 0.15 g. 
per sq. cm.) and varies between 0.04 and 0.06 in. (1 to 1.5 mm.) in thickness. 
(c) Drying —The coated tile shall then be dried to constant weight 
lan atmosphere of low relative humidity at room temperature and weighed 
‘very 24hr. A film shall be considered dry when the loss in two successive 
44-hr. weighings is not greater than 0.1 g. 
al Mostertiontion procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 

1 inous Waterproofing and Roofing Materials. ; 


Accented for publication as tentative by Committee E-10 on Standards, August 26, 1937. 
lwtable unglazed tile can be obtained from the Robertson Art Tile Co., Morrisville, Pa. 
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(d) Testing.-After drying and removing the brass mask, the coated ti 
shall be suspended vertically in the center of an air oven maintained g 
176 F. =5 F. (80 C. +3 C.). The internal dimensions of. the oven shal 
not be less than 12 by 12 by 12 in. An electrically heated oven is recom. 
mended. A thermometer shall be inserted in the oven to such depth 
_ that its bulb will be in line with the center of the specimen. The ti 
shall be maintained at the prescribed temperature for exactly 2 hr. Am 
sliding shall be determined by a reference line placed originally on the tile 
coincident with the lower edge of the dried film. a 


RESISTANCE TO WATER ACTION 
Scope 
4. The purpose of this test is to determine the ability of th the drie dried film 
to retain its adhesion and to resist re-emulsification after immersion in 


Procedure 


5. (a) Preparation of Film.—The film to be tested shall be prepared 
as described in Sections 2 and 3. 

(b) Testing.—After drying, a ring approximately 2 in. in diameter and 
1 in. in height shall be pressed into the surface of the coated tile. The 
ring shall be filled with tap water and the test specimen maintained at 
_ room temperature between 70 to 90 F. (21 to 32 C.). After 24 hr. the 
character of the bituminous film shall be noted by cutting with a knife 
or teasing needle. Adhesion or bond shall be determined by making 
intersecting cuts with the knife or needle and lifting the cut film at the 
point of intersection. Re-emulsification is indicated if the water becomes 
_ darkened by rubbing the wet surface of the film lightly with a rubber 
policeman. 
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TENTATIVE METHODS OF TESTING ASPHALT ROLL > 
ROOFING, CAP SHEETS, AND SHINGLES! 


A.S.T.M. Designation: D 228-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
nual revision. Suggestions for revision should be addressed to the Headquarters of the 
iety, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1925; ADOPTED, 1927; REISSUED AS TENTATIVE, 1930; 
REVISED, 1931, 1933, 1937. 
Scope 
1. These methods cover procedures for the physical testing and chem- 
ical examination of roofing and shingles composed of asphalt-saturated 
roofing felt coated to various extents with asphalt and the coated portion 
surfaced with mineral powders or granules. 


pared 


and 

The Types of Roofing and Shingles 
ed at 
r. the 
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2. Asphalt roll roofings, cap sheets and shingles may be divided into 
three types (see Fig. 1), as follows: 

Type X.—A single thickness of asphalt-saturated felt, coated with 
sphalt compounded with a finely powdered mineral filler and surfaced 
with powdered mineral matter such as talc or mica. 

Note.—Type X is commercially known as “‘smooth-surfaced roll roofing” and is 

vered by the ‘Tentative Specifications for Asphalt Roofing Surfaced with Powdered Talc 


sew (A.S.T.M. Designation: [D 224-37 T) of the American Society for Testing 
aterials. 


l'ype Y.—Similar to Type X but with the asphalt coating on the 
eather side surfaced with either fine granules or coarse granules. 


Note.—When coated with fine granules or other mineral material, Type Y is com- 
tcially known as “‘roll roofing surfaced with granular talc” and is covered by the Tenta- 
ve Specifications for Asphalt Roofing Surfaced with Fine Mineral Granules (A.S.T.M. 
Yesignation: 1) 248-37 of the American Society for ‘Testing Materials. When 
‘sated with coarse mineral granules this type is commercially known as “mineral-surfaced 
| roofing” and is covered by the Tentative Specifications for Asphalt Roofing Surfaced 
th Coarse Mineral Granules (A.S.T.M. Designation: D 249-37 T);* or when cut into 
bs or shingles it is commercially known as “asphalt shingles’ and is covered by the 
‘titative Specifications for Asphalt Shingles Surfaced with Coarse Mineral Granules 
.S.T.M. Designation: D 225-37 T)® of the American Society for Testing Materials. 
H€ reverse side usually is surfaced with powdered talc or mica. 


the 


‘ 
ed tk 
‘ecom- 
depth 
le tile 
Any 
et 
d film 
on in | 
comes 
ubber 
the standardization procedure of the Sox iety, these methods are u e jurisdicti 
MAST.M: Committee D-8 on Bit Waterproofing and Roofing Materials. 
p. 

*See p. 937, 

‘See p. 933. 
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Type Z.—A single thickness of asphalt-saturated roofing felt, coated 
_ on the weather side for approximately one half of its width with asphalt 


compounded with fine mineral matter, and the coated portion surfaced 
_ with coarse mineral granules. 


Note.—Type Z is commercially known as ‘“‘ mineral-surfaced cap sheet”’ and is cover 
€ by the Tentative Specifications for Asphalt Cap Sheet Surfaced with Coarse Mineral Granule 
(A.S.T.M. Designation: D 371 - 37 T) of the American Society for Testing Materials, 


Powdered Mineral Surfacing —_ 


“Asphalt Coating on Reverse Side 


‘Powdered Mineral Surfacing 
Asphalt-Saturated Felt 


Coarse or fine Mineral Granules- 
Asphalt Coating on Weather Side. 


Asphalt Coating on Reverse Side 
Powdered Mineral Granules 
sphalt - Saturated Felt 


Coarse Mineral Granules, 
Asphalt Coating on Weather Side, 


4 
é 


\ 
‘Asphalt -Saturated Felt 
Fic. 1.—Construction of Asphalt Roll-Roofing, Shingles, and Cap Sheets. 


Sampling 
3. From each shipment or portion thereof representing a product of 
the same kind, class, and weight, a number of rolls or bundles shall be 
selected at random, equivalent to one-half the cube root of the total number 
of rolls or bundles included in the lot, except that in lots of 1000 or less, 
- five rolls or bundles shall be taken. If the cube root, as calculated, proves 
_ to be a fractional number, it shall be expressed as the nearest higher whole 
number. For convenience, the following table is given, showing the 
number of rolls or bundles to be selected from shipments of various Sizes: 


1 See p. 924. ; 
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PACKAGES IN NUMBER OF PACK- PACKAGES IN NuMBER oF PAck- 
SHIPMENT AGES SELECTED SHIPMENT AGES SELECTED 


METHODS OF PHYSICAL TESTING 
SIZE AND WEIGHT 
Asphalt Roll Roofing and Cap Sheets 


Packing Material, Nails, and Cement 


4. Each roll selected shall be weighed to the nearest } lb. The 
wrappers, packing material, nails, and cement from each roll shall be 
weighed together to the nearest { lb. and the average weight thereof per 
“square” shall be recorded. ‘The quantity and character of nails and 
ement shall be recorded. 


Weight of Loose Surfacing 

5. Each roll selected shall be unwound and the workmanship and finish 
of the roofing observed. The weight of any loose surfacing that may fall 
off during this operation shall be recorded. 


Width, Length, Area 
6. The width and length of each roll selected shall be measured to the | 
nearest } in., and the area of material contained in each roll shall be calcu- 
lated in square feet. The average area of the rolls examined shall be calcu- 
lated from these values. 


Minimum Weight per 108 sq. ft. 


7. From the information obtained under Sections 5 and 6, the net 
weight, exclusive of loose surfacing, of roofing per 108 sq. ft. contained in 
each roll selected shall be calculated. The minimum weight per 108 sq. ft. 
of the rolls examined shall be recorded. ‘This shall be regarded as the 


minimum weight per 108 sq. ft. of the an 
Average Weight per 108 sq. ft. : 
8. The average weight per 108 sq. ft. for the rolls examined shall be 
calculated. This shall be regarded as the average weight per 108 sq. ft. 


Selecting Average Weight Rolls 


9. From the rolls examined, the one whose weight per 108 sq. ft. is 
nearest the average weight of the lot shall be selected. ‘The first convolu- 
tion or two shall be unrolled, and with a knife and straight edge, the sheet 
shall be cut across at right angles to the edges. #A sample measuring exactly 
30 in. in the direction of the roll’s length shall then be removed. The 
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width of this sample shall be measured to the nearest 3; in., and the weight 
of the sample in ounces determined, neglecting any loose surfacing. The 
weight in pounds per 108 sq. ft. shall then be calculated from the following 
formula: 
, Weight of 30-in. sample in ounces 
Width of 30-in. sample in inches 
The weight so determined shall check within 1.5 per cent, the average 
weight per 108 sq. ft. of the lot (Section 8). If this sample fails to check 
then additional samples shall be cut from the same roll, until one is obtained 
which does and this sample shall be reserved for further examination as 
described in Sections 16 to 25. 


Notr.—As a referee method, or in case any dispute arises regarding the properties ; 
may be ascertained from the particular sample tested, a 30-in. sample shall be taken from 
each roll selected in accordance with Section 3 and examined separately. 


Asphalt Shingles 


Weight of Packing Material 


10. Each bundle selected shall be weighed to the nearest } Ib. The 
packing materials shall be weighed to the nearest } lb. and the weight 
recorded separately for each bundle. ‘The average weight of packing 
material per “‘square”’ shall be recorded. 


Weight of Loose Surfacing 


11. The shingles in each bundle, a, shall be counted and the workman- 
ship and finish of the shingles shall be observed. The weight of any loose 
_ surfacing that may fall off during this operation shall be recorded. 


Net Weight and Area 


12. From the information obtained under Sections 10 and 11, the net 
weight, b, of each bundle selected, exclusive of loose surfacing, shall be 
calculated. ‘The dimensions of two representative shingles shall be accur- 
ately measured and the net area, c, of material in each shingle calculated in 


square feet. 
Minimum Weight per 108 sq. ft. 


13. The area in square feet of material contained in each bundle selected 
- shall be calculated (a < c). The net weight of roofing material per 108 sq. ft. 


h 
- contained in each bundle shall be calculated (+ x 108), and the min- 


pe weight per 108 sq. ft. recorded. ‘This shall be regarded as the 


minimum weight per 108 sq. ft. of the lot. ; 
_ Average Weight per 108 sq. ft. 


14. The average weight, d, per 108 sq. ft. for the bundles examined 
shall be calculated. This shall be regarded as the average weight per 108 
sq. ft. of the entire shipment. 
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d 
The average weight per shingle shall be calculated (2x? ). 
Selecting Average Weight Shingles 


15. From the bundles selected, a definite number of representative 


shingles whose weight per 108 sq. ft. shall fall within 1.5 per cent of the 
erage erage weight of the lot ( Section 14) shall be reserved for further examina- 
heck tion in accordance with Sections 17 to 25. The number of shingles so 
selected shall represent as closely as possible 6 sq. ft. of material, and 


_— shall be selected as far as possible from different bundles. 


mM as 
Note.—As a referee method, or in case any dispute arises regarding the properties as 


ies as 
from 


PLIABILITY 
Asphalt Roll Roofing and Cap Sheets 

The 16. From the sample selected in accordance with Section 9, ten 
trips, 1 in. in width by 8 in. in length, shall be cut, five in the direction 
f and five across the fiber grain. ‘They shall be immersed in water at 
77 F. (25 C.) for 10 to 15 min., then removed and each strip immediately 
bent, with the weather side up, 90 deg. over the rounded edge of a block, 
at a uniform speed in approximately two seconds time. The block shall 
be 3in. square by 2 in. thick with rounded corners of }-in. radius for Type X 
roofing and ? in. for Types Y and Z roofing. In bending, the strips shall 
be held by hand tightly against the upper 2-in. face of the block, and the 
projecting end of the strip shall be bent over the rounded corner without 
exerting any strain other than that required to keep the strip in contact 
with the block and to avoid kinking. Any surface ruptures exceeding 
} in. in length shall be considered failures. 


BEHAVIOR ON HEATING 


Asphalt Roll Roofing, Cap Sheets and Shingles 
Behavior on Heating 


king 


17. Two strips, each approximately 4 by 4 in., shall be cut from the 
sample selected in accordance with Section 9 in the case of asphalt roll 
roofing and cap sheets, and from that selected in accordance with Section 
5 in the case of shingles. The strips shall be weighed and then suspended 
vertically, in the same direction as the material would be applied to the 
roof, in the center of an air oven maintained at 176 F. + 5 F. (80 C. + 3 C.) 
by means of a thin wire fastened through holes punctured near one edge. 
The internal dimensions of the oven shall not be less than 12 by 12 by 12 in. 
An electrically-heated oven is recommended. ‘The thermometer shall be 
inserted in the oven to such a depth that its bulb will be in line with the 
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_ mineral surfacing detached during this operation shall be added to the 


962 MeEruHops or TeEstinc AspHaLt Roorinc (D 228 - 37 T) 


center of the specimens. The strips shall be maintained at the prescribed 
temperature for exactly 2 hr., then cooled in a desiccator, and each specimen 
weighed. The average loss of volatile matter shall be calculated as a per- 
centage. Any change in appearance of the specimen shall be recorded, 
such as flowing, sagging, blistering, or absorption of the asphalt coatings 
also sliding of granular surfacing. 


METHODS OF CHEMICAL ANALYSIS 


SEPARATION OF ROOFING OR SHINGLES INTO COMPONENT Parts 
_ Analysis of Roofing Composition 


18. The composition of the roofing shall be analyzed as follows: 
(a) Weight of dry felt per 108 sq. ft., 

(6) Weight of saturant (soluble in carbon disulfide) per 108 sq. ft., 
(c) Weight of weather side coating (soluble in carbon disulfide) per 
108 sq. ft. (which may be either side on Type X), 

(d) Weight of reverse side coating (soluble in carbon disulfide) per 
108 sq. ft. (which may be either side on Type X), 

(e) Weight of mineral matter per 108 sq. ft. passing a No. 6 sieve and 
retained on a No. 100 sieve 

({) Weight of mineral matter per 108 sq. ft. passing a No. 14 sieve 
and retained on a No. 100 sieve, and 


(g) Weight of mineral matter per 108 sq. ft. passing a No. 100 sieve. 


__ Preparation of Specimens for Analysis 


19. (a) From the sample representing the average weight of the lot 
of roofing, as obtained in Section 9 or 15, specimens shall be cut, each 
measuring approximately 2 in. in width by 8 in. in length. These specimens 
shall be weighed, the length and width measured to within 4; in., and the 
weight calculated per 108 sq. ft. Any of the 2 by 8-in. specimens whose 
weight varies more than 1.5 per cent from the average weight of the lot as 
determined in Section 8 or 14 shall be rejected. This process shall be con- 
tinued until eight acceptable specimens are obtained which shall be used 
for determining the composition of the roofing as described in Sections 
20 to 25. 

(b) Two of the weighed 2-in. by 8-in. specimens shall each be separated 
into three horizontal sections approximately at the points indicated by the 
arrows a and bin Fig. 1. (These strips may be cut to smaller size and into 
disks if so desired.) The asphalt coatings with attached mineral surfacings 
shall be removed in such a manner that some of the saturated felt adheres 
to them leaving a central section of saturated felt free from coating. Any 
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ING (D 228-37 T) 
Saturant in Dry Felt 

20. The saturated central horizontal sections from the two test speci- 
mens (Section 19 (b)) shall be weighed and then extracted with carbon © 
‘sulfide in a suitable extractor or centrifuge until the washings are colorless. — 
(Benzol having a boiling point of 80 to 82 C., carbon tetrachloride, or chloro- 
form may be used if desired, but in case of dispute carbon disulfide shall be 
used.) The desaturated felt shall be dried in air, then placed in a tared 
weighing bottle and further dried at 105 to 110 C. (221 to 230 F.) for 30 min., 
nd weighed. From this weight and the original weight of the saturated felt 
specimens, the percentage of asphalt saturant in the dry felt shall be cal- 
culated. ‘This figure shall be used later for calculating the weight of 
saturant (soluble in carbon disulfide) per 108 sq. ft. The dry felt shall be 
preserved for the determination of ash (Section 23). 

Note.—While not required for testing by existing specifications, the saturant may be 


recovered by the method described in the paper by Gene Abson, ‘‘ Method and Apparatus 
for the Recovery of Asphalt.’’! 


Weight of Weather Side Coating Soluble in Carbon Disulfide 

21. (a) The horizontal sections of the weather side (which may be 
either side on Type X roofing) containing the asphalt coating and mineral 
surfacing (Section 19 (b)) shall now be extracted with carbon disulfide in a 
suitable extractor until the washings are colorless. ‘The insoluble material 
shall be removed and dried in air and the pieces of felt picked out and 
brushed free of adhering mineral matter. This felt shall then be placed 
ina tared weighing bottle, further dried at 105 to 110 C. (221 to 230 F.) 
for 30 min., and weighed. From this weight corrected for excess ash as in 
Section 23 and the percentage of asphalt saturant determined in Section 20, 
alculate the weight of asphalt in this felt. The mineral matter shall be 
dried in air until free from carbon disulfide, then placed in a tared weighing 
bottle, further dried at 105 to 110 C. (221 to 230 F.) for 30 min., cooled in a 
desiccator, and weighed. ‘This mineral matter shall be retained for sieve 
inalysis (Section 25). 

(b) Calculation.—From the original weight of the sample subtract the 
combined weights of felt, asphalt, saturant in the felt, and mineral matter. 


The difference is the weight of weather side coating (soluble in carbon 
disulfide) per 108 sq. ft. 


Weight of Reverse Side Coating Soluble in Carbon Disulfide 

22. The horizontal sections of the reverse side (which on Type X roofing 
will be the side opposite to that selected under Section 21) containing the 
oating and mineral surfacing (Section 19 (b)) shall now be extracted with 
carbon disulfide and the weight of coating soluble in carbon disulfide calcu- 
lated as in Section 21. The mineral matter recovered shall be combined 


* Proceedings, Am. Soc. Testing Mats., Vol. 33, Part IT, p. 704 (1933). . 
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with that obtained from the weather side (Section 21) and retained fo, 
sieve analysis (Section 25). The felt shall be ashed as in Section 23 j 
_ order to determine the true weight of felt. _ a 
4 

_ Ash of Desaturated Felt 


23. The desaturated felt obtained in Sections 20, 21 and 22 from the 
center, and weather and reverse sides shall be ashed separately in weighed 
crucibles either over an open flame or in a muffle furnace until all carbon 


has been consumed. ‘The weight shall be determined. The percentage s 
of ash in the center portion (Section 20) will be assumed to be the true 
percentage of ash of the entire felt. The excess ash in the weather side 
portion (Section 21) will be added to the mineral matter passing a No. 100 
sieve as determined in Section 25. ‘This weight will also be used for correct- 
ing the total weight of desaturated felt and weight of saturant soluble in 
_ carbon bisulfide. In like manner, the excess ash in the reverse side portion 
will be added to the mineral matter passing a No. 100 sieve and for correct- Sco 
ing the total weights of felt and saturant soluble in carbon disulfide. | 
1 Weight of Dry Desaturated Felt per 108 sq. ft. 7 
24. The combined weights of the felt from the center portion obtained 6 
in Section 20 and the weights of the felts from the weather side and reverse ’ 
side portions obtained in Sections 21 and 22, respectively, corrected for fa 


by 8-in. specimens. From this weight calculate the weight of dry felt 
per 108 sq. ft. 


25. The total mineral matter recovered in Sections 21 and 22 plus 

_ the excess ash (Section 23) shall be moistened with a few drops of alcohol, 
boiled with 100 ml. of water and washed successively through No. 6, No. 14, 
and No. 100 sieves with sufficient hot water to remove the fine mineral 
matter. The mineral matter retained on each sieve shall be collected 
separately, dried at 105 to 110 C. (221 to 230 F.) for 30 min., and weighed. 


From these weights, the weight of mineral matter shall be calculated and 
reported as follows: 


excess ash (Section 23) shall be the total weight of dry felt in the two 2-in. 


Weights of Mineral Matter per 108 sq. ft.: 
Passing a No. 6 sieve, retained on a No. 100 sieve...........+ 
Passing a No. 14 sieve, retained on a No. 100 sieve 
Passing a No. 100 sieve (by difference) 


To check the weight of mineral matter passing a No. 100 sieve, the 
total aqueous suspension of mineral matter which passes through the No. 
100 sieve shall be recovered by filtering through a weighed Gooch crucible, 
dried at 105 to 110 C. (221 to 230 F.), and weighed. 
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0. 100 This is a Tentative Standard and under the Regulations of the Society is subject to 
rrect- nnual revision. Suggestions for revision should be addressed to the Headquarters of the 


ble in ciety, 260 S. Broad St., Philadelphia, Pa. 

ortion IssuED, 1937. 

rrect- Scope 
1. This method is intended for the sieve analysis of granular — 
: mineral surfacing material, such as crushed slate, stone, etc., used on 


the weather surface of prepared asphalt roofing and shingles. oe - 
Sieves 


2. (a) A set of consecutive sieves of the series listed in Table I, con- 
forming to the Standard Specifications for Sieves for Testing Purposes 


TABLE I.—REQUIREMENTS FOR SIEVE OPENINGS AND WIRE DIAMETERS WITH 
PERMISSIBLE VARIATIONS. 


Sieve Wire Tolerance on 
Corresponding Opening Diameter Wire Diameter, 
Sleve Designation U.S. Standard Average Maximum 
Sieve Series Opening, rg 
per cent per cent 


coscssesr 
mio 


oo 
mb 
so 
co 


149 micron. . 


, Nors.—Sieves of the Tyler standard screen scale series, having mesh designations: Nos. 6, 8, 10, 14, 20, 28, 35, 48, 65 and 
N, conform, respectively, to the requirementa in Table I for sieve opening and wire diameter, within the tolerances stated, for 
¢ sieves of the U. 8. Standard Sieve Series, in the order listed. 


\S.T.M. Designation: E 11) of the American Society for Testing Ma- 
terials,? shall be used. The group of sieves selected shall include those 
appropriate to the grading of the granular mineral to be subjected to sieve 
analysis; sieves of either the coarser or finer openings, on which less than 


A grandes the standardization procedure of the Society, this method is under the jurisdiction of the 
~~ Committee D-8 on Bituminous Waterproofing and Roofing Materials. 
36 Book of A.S.T.M. Standards, Part Il p. 1413. 
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0.05 per cent of the weight of the sample of the particular material woul 
be found after sieving, need not be included in the set. 

(b) Sieves shall be wire cloth, square-woven, from brass, bronze, or 
other suitable wire, mounted without distortion in circular frames, about 


20 cm. (8 in.) in diameter and about 5 cm. (2 in.) between the top of the 
frame and the cloth. 


Sieve Shaker 


3. A mechanically operated sieve shaker,' which imparts to the set of 
sieves a rotary motion and tapping action of uniform speed, shall be used, 
The number of taps per minute shall be between 140 and 160. The sieve 
shaker shall be fitted with a hard maple plug to receive the impact of the 
tapping device. ‘The entire apparatus shall be rigidly mounted by bolting 
to a solid foundation, preferably of concrete. — 

Sample Splitter 


- 4. A riffle sampler with % or 4-in. divisions, for reducing the gross 
_ sample to the quantity required for the sieve analysis, shall be used. 


| 

| = 

— 


Fic. 1.—Location of Sampling Points from Surface of Car. 
Unit for Sampling 


5. Each carload of mineral granules shall be considered the unit for 
sampling, except that where a carload includes more than one kind of gran- 
ular surfacing, the entire quantity of each kind in the car shall be considered 
the unit for each kind, respectively. 


4 Gross Sample 


6. (a) In collecting the gross sample from a carload of mineral granules 
shipped in bulk, eight equal increments of not less than 2 lb. each shall be 
taken from the material at the exposed surface of the car. A conical 
excavation about 1 ft. in depth shall be made at each sampling point and 
the sample taken from the bottom of the excavation. The eight sampling 
points shall be located as shown in Fig. 1. 

| (5) In collecting the gross sample from a carload of mineral granules 
shipped in bags, a number of bags shall be selected at random, equivalent 


1 One such sieve shaker meeting the requirements prescribed in Section 3 is the “Rotap,” manufactured 
by the W. S. Tyler Co., Cleveland, Ohio. 
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to the cube root of the total number of bags in the car. The gross sample 
shall consist of equal increments of not less than 2 lb. from each of the 
bags taken for sampling. 

(c) Where the mineral granules are being loaded or unloaded by con- 
veyor or chute the gross sample shall preferably be collected by taking 
equal increments from the stream at regular time intervals, with such 
frequency that the total weight of the gross sample will be not less than 
16 lb. Increments shall be taken from the full width and thickness of the 
stream, preferably, if practicable, by inserting a suitable container into 
the stream. 


Reduction of Gross Sample 


7. The gross sample shall be reduced by riffling or hand-quartering to | 


not less than 500 g. (1.1 lb.). 


Size of Test Sample 


8. The entire sample obtained from reduction of the gross sample, — 
shall be weighed with an accuracy of not less than 0.1 g., and taken for 


the sieve analysis. 
4 


Sieve Analysis 


9. (a) The group of sieves selected from the series listed in Table I 
shall be assembled in consecutive order as to size of openings, with the sieve 
having the largest openings at the top and the one with the smallest open- 
ings at the bottom, the assembly being completed by a solid collecting 
pan below the bottom sieve. The test sample, previously weighed (Sec- 
tion 8), shall be placed on the top sieve and this sieve closed with a solid 
cover. The sieve assembly shall then be securely fastened in a suitable 
mechanical sieve shaking device (Section 3). 

(b) The sample shall be passed through the sieves of the series selected, 
by subjecting it to the action of the sieve shaker for a period of 15 min. 
Since granular mineral surfacing materials usually have been subjected to 
grading by screens in the process of manufacture and hence separate 
rapidly into their sieve fractions, an end point determination is not con- 
sidered necessary. 

(c) The portion of the sample retained on each of the sieves and on the 


as shall be carefully removed and weighed with an accuracy of not less 
than 0.1 g. 


Report 


10. The results of the sieve analysis shall be reported to the nearest 


0.1 per cent (omitting the results on those sieves on which less than 0.05 
per cent of the total weight of the test sample was collected), as follows: © 
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Retained on No. 
Retained on No. 
Retained on No. 
Retained on No. 
Retained on No. 
Retained on No. 


Retained on No 


6 (3360-micron) sieve 

8 (2380-micron) sieve, passing No. 6 (3360-micron) sieve 
12 (1680-micron) sieve, passing No. 8 (2380-micron) sieve 
16 (1190-micron) sieve, passing No. 12 (1680-micron) sieve 
20 (840-micron) sieve, passing No. 16 (1190-micron) sieve 
30 (590-micron) sieve, passing No. 20 (840-micron) sieve 


. 40 (420-micron) sieve, passing No. 30 (590-micron) sieve 
Retained on No. i 


Retained on No. 
Retained on No. 


50 (297-micron) sieve, passing No. 40 (420-micron) sieve 

70 (210-micron) sieve, passing No. 50 (297-micron) sieve 

100 (149-micron) sieve, passing No. 70 (210-micron) sieve 
Passing No. 100 (149-micron) sieve 


The sum of the sieve weight percentage fractions, reported as abov 
tabulated, shall be not less than 99.5 per cent, that is, the total loss and 
error in the sieve analysis shall not exceed 0.5 per cent. 


2 Reproducibility of Results 


11. Duplicate determinations by the same operator, using the same 
sieves, shall check within 1 per cent of the total weight of the sample, for 
the portion of the sample retained on each sieve and on the pan. 
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TENTATIVE METHOD OF TEST 
FOR 


SIEVE ANALYSIS OF NON-GRANULAR MINERAL SURFACING — 
FOR ASPHALT ROOFING AND SHINGLES! 


= A.S.T.M. Designation: D 452 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subiect to 

nnual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. This method is intended for the sieve analysis of non-granular 
mineral surfacing material, such as mica, talc and other powdered or flaky 
mineral particles, used on the weather surfaces of prepared asphalt roofing 
and on the non-weather-exposed surface of asphalt shingles. 


(a) A set of consecutive sieves of the series listed in Table I, con- 


kellie to the Standard Specifications for Sieves for Testing Purposes _ 


TABLE J.—REQUIREMENTS FOR SIEVE OPENINGS AND WIRE DIAMETERS WITH 
PERMISSIBLE VARIATIONS. 


Sieve Wire Tolerance on 
Corresponding Opening Diameter Wire 
Sieve Designation U.S, Standard Average oe Maximum 
Sieve Series Opening, Opening, 
Number i per cent J per cent 


0, org.—Sieves of the Tyler standard screen scale series, having mesh designations: Nos. 10, 14, 20, 28, 35, 48, 65, 100 and 
= om ively, to the requirements in Table I for sieve opening and wire diameter, within the tolerances stated, 
the gi sieves of e U.S. Standard Sieve Series, in the order listed. 


(A.S.T.M. Designation: E 11) of the American Society for Testing Ma- 
terials,? shall be used. The group of sieves selected shall include those 
appropriate to the grading of the non-granular mineral to be subjected to 
sieve analysis; sieves of either the coarser or finer openings, on which 


AS: 1 Under the standardization procedure of the Society, this method is under the jurisdiction of the 
+198 mittee D-8 on Bituminous Waterproofing and Roofing Materials. anor 
6 Book of A.S.T.M. Standards, Part II, p. 1413. 
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less than 0.05 per cent of the weight of the sample of the particular materia] 
would be found after sieving, need not be included in the set. 


Note.—For relatively coarse or flaky materials, such as coarse mica, sieves fro, 
No. 16 to No. 70, inclusive, of the U. S. Standard series will usually be found suite! 
for finer surfacing materials, such as fine mica or talc flour, sieves from No. 30 to No, ? 
inclusive, of the U. S. Standard series will usually give a satisfactory sieve analysis, 


. (6) Sieves shall be wire cloth, square-woven, from brass, bronze, or 
other suitable wire, mounted without distortion in circular frames, about 
20 cm. (8 in.) in diameter and about 5 cm. (2 in.) between the top of the 


frame and the cloth, 


Sieve Shaker 

3. A mechanically operated sieve shaker,! which imparts to the set of 
sieves a rotary motion and tapping action of uniform speed, shall be used, 
The number of taps per minute shall be between 140 and 160. The sieve 
shaker shall be fitted with a hard maple plug to receive the impact of the 


tapping device. The entire apparatus shall be rigidly mounted by bolting 
to a solid foundation, preferably of concrete. 


Sample Splitter 


4. A riffle sampler with % or }-in. divisions, for reducing the gross 
sample to the quantity required for the sieve analysis, shall be used. 
Unit for Sampling 


5. Each carload of non-granular mineral surfacing shall be considered 


the unit for sampling. 


Gross Sample 

6. (a) In collecting the gross sample from a carload of non-granular 
mineral surfacing shipped in bags, a number of bags shall be selected at 
random equivalent to the cube root of the total number of bags in the car. 
The gross sample shall consist of equal increments of not less than 0.5 lb. 
from each of the bags taken for sampling. 

(b) In collecting the gross sample from a carload of non-granular 
mineral surfacing material shipped in bulk, at least eight equal increments 
of not less than 0.5 lb. each shall be taken from well distributed points in 
the mass, using a sampling tube not less than 1 in. in diameter. A conical 
excavation about 1 ft. in depth shall be made at each sampling point and 
the sampling tube inserted into the mass at the bottom of the excavation. 

4 Reduction of Gross Sample 


7. The gross sample shall be reduced by riffling or hand-quartering to 
_ hot less than 100 g. (0.22 Ib.). 


Size of Test Sample 
8. The entire sample obtained from reduction of the gross sample, 


1 One such sieve shaker meeting the requirements prescribed in Section 3 is the “Rotap,” manufacture? 
by the W. S. Tyler Co., Cleveland, Ohio. 
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shall be dried at least 2 hr. in an oven at 220 F., weighed with an accuracy 
of not less than 0.1 g., and taken for the sieve analysis. 


Sieve Analysis 

9. (a) The group of sieves selected from the series listed in Table I 
shall be assembled in consecutive order as to size of openings, with the sieve 
having the largest openings at the top and the one with the smallest open- 
ings at the bottom, the assembly being completed by a solid collecting 
pan below the bottom sieve. The test sample, previously weighed (Sec- 
tion 8), shall be placed on the top sieve and this sieve closed with a solid 
cover. The sieve assembly shall then be securely fastened in a suitable 
mechanical sieve shaking device (Section 3). 

(b) The sample shall be passed through the sieves of the series selected, 
by subjecting it to the action of the sieve shaker for a period of 20 min. 
At the end of this period the collecting pan, containing the portion of the 
material passing the finest sieve of the group selected, shall be removed 
from the sieve assembly and the contents weighed with an accuracy of not 
less than 0.1 g. The collecting pan shall then be re-assembled with the 
sieves, as before, and the shaking continued for an additional 10 min. 
At the end of this additional shaking period the collecting pan shall be 
removed and the contents weighed. If the additional material passing the 
finest sieve during this second shaking period does not exceed 0.5 per cent 
of the total weight of the sample, the sieve analysis shall be considered 
complete. If it does exceed 0.5 per cent, the collecting pan and sieves 
shall be re-assembled and shaken for successive additional 10-min. periods, 
weighing the material collected in the pan after each period of shaking, 
until the amount passing the finest sieve in a 10-min. shaking period is 
less than 0.5 per cent of the weight of the sample. 

(c) The portion of the sample retained on each of the sieves and on 
the pan shall be carefully removed and weighed with an accuracy of not 
less than 0.1 g. 


Report 


10. The results of the sieve analysis shall be reported to the nearest 
0.1 per cent (omitting the results on those sieves on which less than 0.05 
per cent of the total weight of the test sample was collected), as follows: 


Retained on No. 12 (1680-micron) sieve 
Ketained on No. 16 (1 190-micron) sieve, passing No. 12 (1680-micron) sieve 
Retained on No. 20 (840- -micron) sieve, passing No. 16 (1190-micron) sieve 
yer on No. 30 (590- -micron) sieve, passing No. 20 (840-micron) sieve 
anne on No. 40 (420- -micron) sieve, passing No. 30 (590- micron) sieve 
youre on No. 50 (297-micron) sieve, passing No. 40 (420-micron) sieve 
etained on No. 70 (210-micron) sieve, passing ! No. 50 (297- micron ) sieve 
Retained on No. 100 (149-micron) sieve, passing No. 70 (210-micron) sieve 
Xetained on No. 200 (74-micron) sieve, passing No. 100 (149-micron) sieve 
Passing No. 200 (74-micron) sieve 
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The sum of the sieve weight percentage fractions, reported as above 
tabulated, shall not be less than 98.5 per cent, that is, the total loss and 
error in the sieve analysis shall not exceed 1.5 per cent. q 


Reproducibility of Results 
11. Duplicate determinations by the same operator, using the same 
SS shall check within 1 per cent of the total weight of the sample, for 
the portion of the sample retained on each sieve and on the pan. 
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TENTATIVE SPECIFICATIONS 
FOR 


PHENOLIC LAMINATED SHEET FOR 
APPLICATIONS! 


i A.S.T.M. Designation: D 467 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
‘nual revision. Suggestions for revision should be addressed to the Headquarters of the 
ociety, 260 S. Broad St., Philadelphia, Pa. “ 


IssUED, 1937.? 
Scope 
1. These specifications cover phenolic laminated sheet for radio or 
similar applications where high frequencies are involved. The following 
grades are included: 


Grade No. 1.—A paper base punching stock where dielectric losses are 
of minor importance. 

Grade No. 2.—A paper base punching stock with medium dielectric loss. 

Grade No. 3.—A paper base punching stock with low dielectric loss. _ 

Grade No. 4.—A hard paper base stock with low dielectric loss. 

Grade No. 5.—A fabric base stock with medium dielectric losses. 

Grade No. 6.—A combination paper and fabric base stock with one 


fabric sheet on one surface. ‘This material has medium dielectric 
losses. 


Note.—Usual applications for the various grades are given in the Appendix. — 


MANUFACTURE 
Material 
2. The material shall consist of layers of paper or cotton fabric as 
required. These layers shall be suitably impregnated with a phenolic 
type resinous compound and consolidated into hard dense sheets under the 
action of heat and pressure. 


PHYSICAL PROPERTIES AND TESTS 

Punching Quality 

3. (a) The grades of material differ in their suitability for punching 
but any of the grades may be punched in simple shapes and thin sizes 
provided good punching practice is used, including sharp, close clearance 
dies, proper stripper plates, and proper heating conditions. When using 
good punching practice as outlined in Paragraph (c), the various grades shall 


the aunier the standardization procedure of the Society, these specifications are under the jurisdiction of 
'¢ A.S.T.M. Committee D-9 on Electrical Insulating Materials. 


* Accepted for publication as tentative by Committee E-10 on Standards, August 26, 1937. 
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given in Table I. 
(b) Where punching properties better than those listed in Table | 
are required for particular parts, this shall be subject to agreement between 
* manufacturer and the purchaser. 
- (c) In good punching practice, the edges of the piece shall not b 
closer to the edge of the strip than twice the thickness of the sheet: the 
holes shall not be smaller in diameter than the thickness of the sheet nor 
have square corners; the distance between holes or between holes and 
edge of piece shall not be less than the thickness of the sheet. Heating 
the material to a temperature of 120 to 140 C. (approximately 15 min. 
_ for material { in. in thickness) is generally necessary for best punching 
results, although in Grade No. 1 this may make the material too soft. 
In this case, better results may be obtained by heating at lower tempera- 
tures or for a shorter time. If more than 2 min. elapse between the time 


& satisfactorily in thicknesses up to and including the maximum limit 


Taste I.—Maximum TuHickNess ror VARious GRADES AT WaiIcH SATISFACTORY 
PUNCHING RESULTS May BE OBTAINED WHEN UsING Goop PUNCHING PRACTICE. 


HEATED TO 
120 to 140 C. Berore 


Room TEMPERATURE 


GRADE (20 To 30 C.) PUNCHING 

Ys in. in. 

7s in. in simple shapes only 
No. 5 


in. 


be punched. With poor dies, poor punching practice or intricate parts, good results cannot be expected in 


Note.—With simple forms and special precautions greater thicknesses than the above can sometimes 
4 the thicknesses listed in the table. 


= strip leaves the heating medium and the last piece is punched, results 


will be poor. 
Flexural Strength 


4. The flexural strength in either esige of the sheet, tested flat- 
wise, shall not be less than 11,000 Ib. per sq. i The flexural strength 
shall be determined in accordance with the Foantive Methods of Testing 
Sheet and Plate Materials Used in Electrical Insulation (A.S.T.M. Desig- 
nation: D 229-37 T) of the American Society for Testing Materials.’ 

q Power Factor, Dielectric Constant and Dielectric Loss Factor - 

. (a) The values for power factor, dielectric constant and dielectric 

ie factor when measured at a frequency of 1,000,000 cycles shall not 
~exceed those given in Table IT. 

(b) The apparatus and general method of test shall conform to the 


, Tentative Methods of Testing Electrical Insulating Materials for Power 
1 See p. 1027. 


ELECTRICAL PROPERTIES AND TESTS 
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Factor and Dielectric Constant (A.S.T.M. Designation: D 150-36 T) 
of the American Society for Testing Materials.'_ The sizes of specimens 
and electrodes shall be as listed in Table III. The test on material as 
received shall be made on specimens under ordinary laboratory conditions 
provided the temperature is between 20 and 30 C. The immersion for 24 
hr. in water shall be made in a fresh supply of clean tap water held at 
95C. +2C. For material } in. and under in thickness duplicate specimens 
from the same sheet shall be used, one for the “as received” test and the 


TaBLE I.—MAXIMUM PERMISSIBLE VALUES FOR POWER Factor, DIELECTRIC CONSTANT 
AND DieELectTric Loss FactoR MEASURED PERPENDICULAR TO LAMINATIONS, 


Frequency = 1,000,000 cycles. 


Values on Material After 
a 24 hr. in Water 
Values on Material as Received 


Thicknesses | Thickness up 
; in. and over to in. 

Power Dielectric Dielectric 
Factor Constant Loss Factor | Power Factor | Power Factor 


5. 
5. 
5. 
5. 
5. 


other for the water-immersion test. For thicker materials, the “as received” 
specimen may be used for water immersion, provided the disk electrode is 
removed, the grease washed off with benzol or gasoline and the sample 
wiped carefully and allowed to air dry for 1 hr. before placing it in the 
water. In all cases, specimens shall be removed from the water at the 
end of 24 hr. and the excess water wiped off with a soft cloth; then the 
lectrodes shall be applied and measurements made immediately. 


TABLE IJI.—SizE or SPECIMENS AND ELECTRODES FOR MEASUREMENTS OF POWER 
Factor AND DIELECTRIC CONSTANT. 


DIAMETER OF Disk S1zz oF 
THICKNESS, IN. ELECTRODES, IN. SPECIMEN, IN. 


Under 7s 6 by 6 
vs to 4, inclusive 

Over } to 3, inclusive 

Over } to 3, inclusive 

Over 3 to 1, inclusive 


STANDARD SIZES AND DIMENSIONS 
Size of Sheet 


6. Sheets shall be furnished in manufacturer’s standard sheet sizes. 
The length and width may vary +1 in. from the manufacturer’s standard 
SIZe, 

Note.—In general, manufacturer’s standard widths are between 36 and 48 in. 
tative Snag Am, Soc. Testing Mats., Vol. 36, Part I, p. 955 (1936); also 1937 Book of A.S.T.M. Ten- 
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_ Permissible Variations in Size of Small Pieces area 0 
7. When small pieces are ordered to be cut from standard size shee; the th 
_ the permissible variations from the specified length or width shall } 125 p' 
_ within the requirements shown in Table IV. 
TABLE IV.—PERMISSIBLE VARIATIONS IN SIZE OF SMALL PIECEs. Workt 
PERMISSIBLE VaARIATions 
NOMINAL THICKNESS, IN. IN LENGTH oR Wivtu, | l 
to 2, +0.015 prope 
scrate 
Standard Thicknesses 
8. The nominal thickness of the material shall be specified on th aaa 
_ order. The standard ranges of thicknesses for each grade are shown ir ) 
Table V. 4 order 
in Te 
TABLE V.—STANDARD RANGES OF THICKNESSES AVAILABLE, 
GRADE RANGE OF THICKNESS, IN. 
TABLE VI.—PERMISSIBLE VARIATIONS IN THICKNESS. 
a 
Nominal Thickness,? in. Permissible Variations, is a light 
Plus or Minus a 
color ¢ 
Fraction of Inch Decimal Equivalent Grades 
Nos. 1, 2, 3, 4 and 6 
0.0155 Pach 
0.031 0.0035 
0.047 0.0045 
0.0625 0.0055 0.00% crat 
0.094 0.007 0.004 man 
0.125 0.008 0.010 
0.156 0.009 0.011 Mar 
0.1875 0.010 0.012 
0.219 0.011 0.014 
0.250 0.012 0 O15 nan 
0.3125 0.0145 0.0175 ? 
0.375 0.017 0.02 37. 
0.438 0.019 0.022 AS 
0.500 0.021 
0.625 0.024 OF 
0.750 0.027 
0.875 0.030 Ins] 
0.033 
2 On sheet of nominal thickness not listed in the above table, the permissible variations shall be the same a8 given for te pur 
next greater thickness. ma 
Permissible Variations in Thickness anc 


9. The permissible plus or minus variations from standard thickness 
of the various grades are given in Table VI. At least 90 per cent of the 


“4; 
| 


TATIONS 
| 


area of the sheet shall be within the variations listed and at no point shall — d 
the thickness as measured vary from the nominal by a value greater than 
125 per cent of the specified variation. 


WORKMANSHIP AND FINISH 
Workmanship 


10. The material shall be uniform in quality consistent with the | 
properties prescribed in these specifications. It shall be free from blisters, 
wrinkles or cracks and reasonably free from other small defects such as 
scratches, dents, solvent areas, etc. 


Color and Finish 


11. The color and finish of the material shall be as specified in the © 
order. The standard colors and finishes for the various grades are listed _ 
in Table VII. 
TABLE VII.—STANDARD COLORS AND FINISHES AVAILABLE. 
CoLor? 
Natural, Black, Chocolate Semigloss or Dull 
Natural, Black, Chocolate Semigloss or Dull 
Natural only Semigloss or Dull 


Natural or Black Polished or Semigloss 


No { Natural on fabric surface 


Chocolate on paper surface Semigloss 


_ * Natural is the color produced by the natural undyed paper or fabric and resin used and may vary from 
a light tan to a light brown or reddish brown. This natural color shall be free from streaks or stains, and 
substantially uniform except for Grade No. 3 which may be mottled in appearance. 


Black sheets shall have substantially uniform black surfaces and black body. A slight grayish-black 
color on sawed or machined edges is permissible. 


hocolate—Uniform dark brown or chocolate surface sheets with natural core. 
Packing and Marking 


12. Unless otherwise specified, material shall be packed in substantial _ 
crates or boxes in accordance with the usual practice of the individual 
manufacturer, 
Marking 

13. Every full size sheet shall be marked with the manufacturer’s 
name or trade-mark, the A.S.T.M. grade number and designation D 467 - 
37T. The containers shall be marked with the manufacturer’s name, 
AS.T.M. grade number and designation D 467-37 T, size and quantity 
of sheets therein, together with other marking required by the purchaser. 
Inspection 

14. (a) The manufacturer shall afford the inspector representing the 
purchaser, without charge, all reasonable facilities to satisfy him that the 
material is being furnished in accordance with these specifications. ‘Tests 
and inspection at the place of manufacture may be made prior to shipment, 
and such inspection shall be final. All tests and inspection shall be so 

nducted as not to interfere unnecessarily with the operation of the works. 


ae 
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(6) In case material is not inspected at the place of manufacture, the 
purchaser may make the tests to govern the acceptance or rejection of the 
material in his own laboratory or elsewhere. Such tests, however, shall 
be made at the expense of the purchaser. 

Rejection 

15. (a) Unless otherwise specified, any rejections based on tests made 
in accordance with Section 14 (b) shall be reported to the manufacturer 
within three weeks from the receipt of samples by the purchaser. 

(b) Any portion of an accepted shipment of material which is subse. 
quently found not to be in accordance with these specifications, will be 
rejected, provided the manufacturer is notified within 90 days from th 
date of receipt of the material by the purchaser. 

(c) Samples tested in accordance with Section 14 (b) which represent 
rejected material, shall be preserved for one month from the date of the 
test report. In case of dissatisfaction with the results of the tests, the 
manufacturer may make claim for a rehearing within that time. 


APPENDIX 


Usuat APPLICATIONS FOR THE VARIOUS GRADES OF PHENOLIC LAMINATED 
SHEETS 


Grade No. 1.—Sockets, terminal boards, miscellaneous instrument parts wher 
insulating properties and moisture resistance are of minor importance and g 
punching and assembling characteristics essential. 

Grade No. 2.—General use for insulation in radio frequency circuits where puncl 
ing and assembling operations are not particularly severe. 

Grade No. 3.—Simple punched parts where very low losses are cnennttil such a 
variable capacitor insulation and metal tube insulation and some range switch parts. 

Grade No. 4.—General use in instruments and other applications where parts art 
produced by machining and where reasonably good appearance and good electrical 
properties are desired. 

Grade No. 5.—Applications similar to Grade No. 2 except for more severe punching 
and assembling operations. 

Grade No. 6.—For tube sockets and other applications similar to Grade Nc 
where slightly better punching quality and toughness are desirable and where tet 
ency to warp is not objectionable. 
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TENTATIVE SPECIFICATIONS 
FOR 


BLACK BIAS-CUT VARNISHED CLOTH TAPE USED FOR | 
ELECTRICAL INSULATION! 


A.S.T.M. Designation: D 373 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. _ 


IssuED, 1933; REVISED, 1934, 1936, 1937. 


Scope 

1. These specifications cover black seamless bias-cut varnished 
cloth tapes 7 to 12 mils in thickness to be used for insulating bus bars, 
joints and terminals of electric wires and cables, and other electrical 
apparatus connections. 


Note.—Orders for material under these specifications shall include the following 
information: 


The desired nominal thickness, width and length (Sections 6, 7 and 8); 
Type of surface, greasy or tacky (Section 11); 

Type of packing, dry or oil (Sections 17, 18 and 19); 

Number of rolls in package (Sections 18 and 19); and > 
Marking on package (Section 20). 


MANUFACTURE 
Cloth and Varnish 


2. The cloth and the number of coats of varnish applied shall be 


such as to produce a product which will meet the requirements of these 
specifications. 


Defects 


3. In general, the tape shall be free from wrinkles, excessive 
pebbling, blisters, and other imperfections. 


Splices 


4. Splices are those joints made by the manufacturer of the 
treated cloth. Splices shall not occur more than once in each roll, 
rept that rolls having a length of 6 yd. or less shall contain no splices. 


fe Under the standardization procedure of the Society, these specifications are under the jurisdiction 
'¢ A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
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METHODS OF TESTING 

Methods of Testing 

5. (a) Varnished cloth tape shall be sampled, conditioned and 
tested in accordance with the Tentative Methods of Testing Varnished 
Cloths and Varnished Cloth Tapes Used in Electrical Insulation 
(A.S.T.M. Designation: D 295-37 T) of the American Society for 
Testing Materials.' 

(b) All specimens taken from a single roll shall be numbered or 
marked so that failures can be identified with the roll. 7 


DIMENSIONS AND PERMISSIBLE VARIATIONS 

Thickness 

6. The nominal thickness shall be specified in the purchase order. 
The average thickness shall be determined from the ten measurements 
taken on a specimen before testing in accordance with Section 14. 
The average thickness shall not vary more than +0.001 in. from the 
specified nominal thickness, and no individual measurement shall vary 
more than +0.002 or —0.001 in. for tapes from 5 to 9 mils in thickness, 
nor more than +0.003 in. for tapes 10 to 12 mils in thickness, from the 
specified nominal thickness. 


Width 

7. The nominal width shall be specified in the purchase order. 
Individual measurements on all the samples selected under Section 5 
shall not vary more than +; in. from the specified nominal width 
for tapes 1 in. or less in width, nor more than + 7; in. for tapes over 
1 in. in width. 


Length 
8. The nominal length or yards per roll shall be specified in the 

purchase order. The measured lengths of individual rolls selected 

under Section 5 shall be not less than that specified. = = = 


PHYSICAL PROPERTIES AND TESTS 
Surface 
9. Tapes are roughly divisible into two classes: “greasy” and 
“tacky.” Greasy tapes shall have the property of sliding freely, 
one layer upon another, when moved easily between two fingers. 


Flexibility 


10. The varnish coating shall be flexible and shall not crack when 
the tape is doubled upon itself and creased between the thumb and 


1 See p. 1047. 
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index finger. Care shall be taken not to bring the finger nails into 
contact with the tape surfaces while making the crease. 


Tensile Breaking Strength 


11. (a) The tensile breaking strength requirement varies with 
the nominal thickness of the tape. Let ¢ represent the nominal 
thickness in mils; then, the average tensile breaking strength of the 
specimens should be not less than 35 + (¢—7) Ib. per inch of width. 
If the first specimen from a roll does not conform to this require- 
ment, tests of two additional specimens from the same roll shall be 
made. ‘Then the average of the three tests shall conform to the 
above requirements. ‘The tensile breaking strength of any of the 
tests made shall be not less than 29 + (t—7) lb. per inch of width. 

(b) The tensile breaking strength of the “jointed selvages” shall 
not be less than 80 per cent of the values specified in Paragraph (a). 


Elongation 


12. (a) For tapes of nominal width not less than 0.5 in., the 
elongation of one specimen from each of the selected rolls shall be 
measured at a temperature T between 20 and 30 C. and shall be not 
less than that specified in the following table: = 


LOAD, LB. PER ELONGATION, 
NoMINAL THICKNESS oF Tape WIDTH PER CENT 


1.7 + (T—20) X 0.1 
1.7 + (T—20) X 0.1 


(b) The specimens tested for elongation shall be used for electrical 


tests as described in Section 15. 


Resistance to Oil 


13. (2) One specimen from each of the selected rolls shall be sub- 
jected to test for resistance to oil described in the test methods referred 
to in Section 5. The oil used shall be an insulating oil having a 
flash point of not less than 135 C. (275 F.), as determined by the 
Cleveland open cup in accordance with the Standard Method of 
Test for Flash and Fire Points by Means of Open Cup (A.S.T.M. 
Designation: D 92) of the American Society for Testing Materials.! 
The varnished film shall show no evidence of disintegration in the 
oil nor flake either in the oil or on the blotter used in the test. 

(b) The specimens tested for resistance to oil shall be used for 
electrical tests as described in Section 16. re 


11936 Book of A.S.T.M. Standards, Part II, p. 892. 
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Dielectric Strength, as Received 


14. (a) Ten punctures shall be made on one specimen from each 
roll as received. ‘The dielectric strength values are the puncture 
values in volts divided by the average of the ten thickness readings on 
the specimens in mils. The average of the ten dielectric strength 
values for each roll as received, shall conform to the requirements 
shown in Table I. The dielectric strength values when analyzed to 
determine the uniformity of the material shall conform to the require- 


ments of Paragraphs (b) and (c). 7 


TABLE I.—DIELECTRIC STRENGTH REQUIREMENTS FOR VARNISHED CLOTH Taps. 
DIELECTRIC STRENGTH, MINIMUM AVERAGE VOLTS PER MIL 


NOMINAL THICKNESS As RECEIVED AFTER ELONGATION Arter Hot On 


1000 1100 
900 
800 900 


(b) Uniformity Within the Roll—The deviation factor for each 
roll in each shipment shall be not more than 0.08 when calculated from 
the following formula: 


h 
Deviation factor of roll = SnA.. 


h+l 
where h = the average of the five highest dielectric strength values 
of the roll, in volts per mil; and 
1 = the average of the five lowest dielectric strength values of 
the roll, in volts per mil. 
(c) Uniformity of the Shipment.—The deviation factor for each 
roll in each shipment shall be not more than 0.07 when cz culated om 


the following formula: | 
Deviation factor of shipment = owt 
where a = the average dielectric strength of the entire shipment, in 
volts per mil; and 
| = the average of the five lowest dielectric strength values of 


the roll, in volts per mil. 


‘Dielectric Strength, After Elongation 


15. Five punctures shall be made inside the gage length on each 
specimen after the elongation test specified in Section 12. The 
average of the five dielectric strength values for each rol! shall conform 
to the requirements shown in Table I. 
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Dielectric Strength, After Hot Oil 

16. Five punctures shall be made on each specimen after the test 
for resistance to oil specified in Section 13. The average of the five 
dielectric strength values for each roll shall conform to the require- 


ments shown in Table I. 


PACKING AND MARKING 
Packing 
17. The purchaser shall specify whether tape is to be supplied 
dry or immersed in oil. 


Dry Packing 

18. In the case of dry tape, the purchaser shall specify the 
number of rolls per package and whether each roll shall be dipped or 
whether each package shall be dipped in a moisture-resistant wax or 
neither or both. ‘The wrapping shall be secure and shall protect the 
contents. 


Packing in Oil 

19. Oil-immersed tape ied in suitable oil-tight cans 
with easily removable lids. The purchaser shall specify the number, 
width and length of rolls to be supplied in each can. ‘The type of oil 
used for packing shall be subject to the approval of the purchaser. 


Marking 
20. The purchaser shall specify the marking desired on each 


package or can; unless the marking is definitely specified, the package 
shall conform with the usual trade customs. _ 


INSPECTION AND REJECTION 
Inspection and Testing 


21. The material shall be inspected and tested within three weeks 


of its receipt by the purchaser. Se 


22. (a) ‘The purchaser reserves the right to reject any part of 
the shipment that does not conform to the requirements for packing 
and marking as specified in Sections 18, 19, and 20. 

(b) The failure of a sample roll to conform to the requirements 
of one or more of the sections enumerated under Paragraphs (c) and 
(d) shall be counted as only one roll failure. 

(c) The failure of 35 per cent or more of the sampled rolls to 

onform to the requirements of Sections 3, 4, 6, 7, 8, 9, and 10 shall 
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constitute cause for rejection of the entire shipment without further 
tests. 

(d) The failure of 50 per cent or more of the sampled rolls to 
conform to the requirements of Sections 11, 12, 13, 14, 15, and 16 
shall constitute cause for rejection of the entire shipment. 


Note.—The following illustrates a convenient method of recording failures of 
sampled rolls: 


Fartures UNDER SECTIONS 
Rott No. Rott FAILures 
> 


x X 


rolls sampled = 10 Total failures = 3 rolls 


x x 
Xx 


SS 


Tota 


Thirty per cent of the rolls failed; therefore, this shipment passes Paragraph (c). 


Claims 


23. Rejection claims shall be made to the seller in writing within 
four weeks of receipt of material by the purchaser. ‘The results of 
tests made by the purchaser on which rejection is based shall be 
furnished to the seller, who shall, within one week of receipt of all 
such claims, either agree to satisfy the claim or send a representative 
to the plant of the purchaser to resample the shipment. Samples so 
selected shall be sealed and submitted to an umpire, mutually agreeable 
to the purchaser and seller, whose decision should be final. 


Settlement of Claims 


24. The expense of the umpire tests shall be paid by the loser: 
In the case of rejection being established, the seller shall pay the 
freight both ways on the rejected material. 
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‘TENTATIVE SPECIFICATIONS 
FOR 


FLEXIBLE VARNISHED TUBING USED IN 
ELECTRICAL INSULATION! 


A.S.T.M. Designation: D 372 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


_ IssuED, 1933; REVISED, 1935, 1937. 
Scope 


1. These specifications cover three grades of flexible varnished 
tubing which are used as electrical insulation for leads on electrical 
apparatus, as follows: 


Grade A.—Tubing generally known as “flexible varnished 
tubing,” or ‘‘motor and transformer tubing,” or “impregnated 
magneto tubing;” 

Grade B.—Tubing generally known as “radio spaghetti;” and 

Grade C.-—Tubing generally known as “non-flammable tubing” 
or “flame-resistant tubing.” 


Note.—The term “varnished tubing” as used in these specifications refers to 
braided cotton sleeving coated or impregnated and coated with lacquer or a com- 
bination of lacquer and varnish or other similar coatings. 


Material 


2. (2) The base material of the tubing shall be good quality 
braided cotton sleeving. 

(6) The cotton sleeving shall be uniformly treated, and the 
fnished tubing shall be reasonably free from defects such as pimples, 
blisters, wrinkles, cracks, and similar imperfections. 


C 
olor 


3. The color desired shall be specified by the purchaser. 


r procedure of the Society, these specifications are under the jurisdiction 
of the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
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Dimensions 


4. The inside diameters of flexible varnished tubing shall conforn 
to the following requirements: : 


A.S.T.M. STANDARD SIZES FOR FLEXIBLE VARNISHED TUBING. “a 


InsipE DiAMETER, IN. Insipe Diameter, In. 


Size Maximum MINIMUM NOMINAL Size Maximum MINIMUM Nomina 
0.347 0.325 0.330 No. 0.101 0.091 0.09 
0.311 0.289 0.294 No. 12.... 0.089 0.081 0), 08 
Se 0.278 0.258 0.263 No. 13.... 0.080 0.072 0.076 
No. 3..... 0.249 0.229 0.234 No. 14.... 0.070 0.064 0). O66 
Na. 4... 0.224 0.204 0.208 No. 15.... @:063 0.057 0.059 
No. 5..... 0.198 0.182 0.186 No. 16.... 0.055 0.051 0.05 
ot ae 0.178 0.162 0.166 No. 17.... 0.049 0.045 0.04 
= 0.158 0.144 0.148 No. 18.... 0.044 0.040 0.04 
a 0.141 0.129 0.133 No. 19.... 0.040 0.036 0.03 
eee 0.124 0.114 0.118 No. 20.... 0.036 0.032 0.034 
No. 10.... 0.1212 0.102 0.106 
Note.—The minimum inside diameters in this table are the sz same as the diameters of copper wit 


for corresponding A.w.g. or B. & S. gage sizes. 


Dielectric Strength 


5. (a) Grade A tubing shall show an average value in the short- 

time dielectric strength test of not less than 7000 v., and no one of 
the ten puncturing voltages shall be less than 5000 v. 

7 (b) Grade B tubing shall show an average value in the short- 

: time dielectric strength test of not less than 4000 v., and no one of 
the ten puncturing voltages shall be less than 2500 v. 

(c) Grade C tubing shall show an average value in the short- 

time dielectric strength test of not less than 2500 v., and no one of 

the ten puncturing voltages shall be less than 1500 v. 


Heat Endurance 


6. The number of hours of baking in the heat endurance test 
at which first cracking of the tubing occurs when bent through 180 
deg. over the rod specified in Section 13 of the Tentative Methods 
of Testing Flexible Varnished Tubing Used for Electrical Insulation 
(A.S.T.M. Designation: D 350-37 T) of the American Society for 
Testing Materials! shali be not less than the following: 


Rate of Burning 


7. Tubing furnished under these specifications as Grade C shall 
require at least 45 sec. to burn a length of 2.54 cm. (1 in.). 
1 See p. 1059. 


Com 


36 i 


Pac! 


= 
| 
De | 
Ma 
of | 
the 
Ins 
of | 
Re} 
pre 
on 
she 
ad 
spe 
Re 
fre 
res 
wi 
M 
| 
i= 


ASTM. DESIGNATION: D 372- 37 T 

Commercial Lengths 

8. The tubing shall be supplied in straight lengths of 30 or 
36 in. or in continuous lengths as may be specified by the purchaser. 


Packing 
9. Unless otherwise specified by the purchaser, the tubing shall 
be packed flat in packages conforming to usual trade customs. __ oe 


Marking 
10. Each package shall be marked with the name or trade mark 


of the manufacturer, the total number of feet, the size and color of 
the tubing. 


Inspection 


11. The tubing shall be inspected and tested within two weeks 
of the date of receipt by the purchaser. 


Rejection 

12. If the results of any test do not conform to the requirements 
prescribed in these specifications, that test shall be repeated 
on two additional specimens from the same lot, each of which 
shall conform to the requirements specified. If either of these two 


additional specimens fails, the lot of tubing represented by that 
specimen may be rejected at the option of the purchaser. 


Rehearing 


13. Samples of rejected material shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with the 
results of test, the manufacturer may make claim for a rehearing 


within that time. 

14. Flexible varnished tubing shall be sampled, conditioned, and 
tested in accordance with the Tentative Methods of Testing Flexible 
Varnished Tubing Used for Electrical Insulation (A.S.T.M. Desig- 
nation: D 350-37 T) of the American Society for Testing Materials." 


‘See p. 1056. 
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TENTA TATIVE METHODS OF TESTING SOLID FILLING AND 
TREATING COMPOUNDS USED FOR ELECTRICAL 
INSULATION! 


A.S.T.M. Designation: D 176-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head. 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuUED, 1923; REviseD, 1924, 1925, 1929, 1933, 1934, 1935, 1936, 1937. 


Scope 


1. These methods cover physical and electrical tests for solid 
filling and treating compounds for electrical insulation. 


Note.—Before testing under these methods it may be necessary to degasify 
(a) materials which tend to entrap gases (usually due to high viscosity) and/or (b) 
materials which tend to froth on heating. (See Appendix I.). 


PHYSICAL TESTS 
General Physical Tests 

2. Each of the following tests shall be made in accordance with 
the method of test applicable, of the American Society for Testing 
Materials, as indicated: 

(a) Melting Point: Standard Method of Test for Melting Point 
of Petrolatum (A.S.T.M. Designation: D 127).? 

(b) Softening Point, for compounds having no definite melting 
point: Standard’ Method of Test for Softening Point of Bituminous 
Materials (Ring-and-Ball Method) (A.S.T.M. Designation: D 36), or 
Standard Method of Test for Softening Point of Tar Products 
(Cube-in-Water Method) (A.S.T.M. Designation: D 61).4 The 
method used should be indicated in the report. 

(c) Flash and Fire Points: Standard Method of Test for Flash 
and Fire Points by Means of Open Cup (A.S.T.M. Designation: 
D 92).5 

(d) Evaporation: Standard Method of Test for Loss on Heating Volt 
of Oil and Asphaltic Compounds (A.S.T.M. Designation: D 6).° 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of 
the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 


21936 Book of A.S.T.M. Standards, Part II, p. 942. Vol 
Ibid., p. 1098. [bid., p. 892. 


Ibid., p. 1103. [bid., p. 1071. 
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(e) Viscosity, Temperature range from melting point to 150 C.: _ 
Saybolt I urol, Standard Method of Test for Viscosity by Means of the 
Saybolt Viscosimeter (A.S.T.M. Designation: D 88).! | 

(f) Penetration Test, Temperature range from melting or softening 
point to —25 C.: Standard Method of Test for Penetration of Bituminous - 
Materials (A.S.T.M. Designation: D 5).? 


Brittleness 
3. To determine the brittleness of the material, the compound shall 

be spread on a piece of sheet inetal in a layer 7 in. in thickness. It shall 
then be submerged in water having a temperature at least 20 I’. above the 
expected breaking point. It shall then be cooled 5 F. and held at this 
temperature for 5 minutes. The cooling shall then be continued in 
increments of 5 F. At each temperature interval the compounds shall be 
tested with the blade of a knife, inserting the point with the blade as nearly 
parallel with the sheet metal as is practicable, and pulling the compound 
from the sheet metal as rapidly as possible by rotating the blade about its 
back as an axis. ‘The temperature at which the compound no longer 


stretches but snaps, shall be considered the breaking point. an : 
SPECIFIC GRAVITY 


Scope 

4. This test is intended to determine the specific gravity of both 
untreated and degasified compounds at any temperature. ‘lhe approximate 
volume occupied by entrapped gas at any temperature can be calculated 
from the difference in specific gravity of an untreated and a degasified 
sample at that same temperature. 


Procedure 


5. (a) The specific gravity shall be determined by the Standard Method _ 
{ Test for Specific Gravity of Asphalts and Tar Pitches Sufficiently Solid 
to be Handled in Fragments (A.S.T.M. Designation: D 71)* or by the 
Standard Method of Test for Specific Gravity of Road Oils, Road ‘ars, 
Asphalt Cements and Soft Tar Pitches (A.S.T.M. Designation: D 70) of 
the American Society for Testing Materials. 

(0) If degasification is required, it shall be performed as described in 

tion 11 and Appendix I. 


Volume of Entrapped Gases 


6. The percentage of entrapped gases may be calculated from the 
following formula: 
sp. gr. of degasified compound —sp. gr. 
of untreated compound 


Volume, in 
» In per cent, of entrapped gases = . 
—— iene sp. gr. of degasified compound 


1936 Book of A.S.T.M. Standards, Part IT 982 i 
*Ibid., p. 1080, Ibid., p. 1108. Ibid., p. 1110. 
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COEFFICIENT OF EXPANSION 


Note.—Certain materials when cooled form voids within the mass and y 
satisfactory method has been found to measure their coefficient of expansion. 


Scope 

7. These methods are intended for determining the true and effective 
coefficient of expansion of compounds. The true coefficient of expansion 
is for compounds which are free of entrapped gases. The effective coeff. 
cient of expansion is the coefficient for material which! has not bee 
degasified just prior to test. It is important for many purposes to know 
the effective coefficient of the material as received or after heating to the 
maximum temperature of application. Consistent results, however, may 
only be obtained with gas-free compounds. 


Methods 

8. The following methods are covered: ne 

Methods A and B.—Methods A and B for true coefficient of expansion 

_ are intended for use only where the uniformity of the material under test 

justifies a high degree of precision. Method A is suitable for testing low- 
viscosity types such as waxes and petrolatums. Method B is suitable for 
testing asphalts and high-viscosity materials, also for opaque materials 
which may give difficulty in reading the glass scale of Method A. 

Methods C, D and E.—Methods C, D and E are intended for faster 


= where high precision may not be justified. ‘These methods may be 
used for determining either true or effective coefficient of expansion. 


Method A. Using Glass Flask 
Apparatus 


9. (a) Flask.—The flask! shall hold approximately 250 ml. to the 
_ zero mark, and the neck of the flask shall be 1 cm. in internal diameter 
~ and graduated for 25 ml. in 0.1-ml. divisions. 

(b) Oil Bath.—The cylindrical oil bath for heating the sample shall be 
approximately 10 in. (25.4 cm.) in inside diameter and 20 in. (50.8 cm.) in 
ii depth with a false bottom 1 in. from the bottom and shall have 

_ provision for circulating and heating the oil. 
(c) Lead Collar.—A lead collar shall be hung on the flask during test 
_to prevent the oil currents of the bath from moving the flask. 
Calibration 
| 10. The capacity of the flask at the zero point and several points 0! 
the scale shall be determined by filling the flask with distilled water at 
{ known temperature and weighing. 
Procedure 
11. (a) The flask shall be meinteined under : a vacuum of 25 in. 
1 of mercury and a temperature 50 C. higher than the softening | point 


> 1A Pyrex or quartz glass flask is very satisfactory for this purpose. 
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(ring-and-ball method, as determined under Section 2 (b)) while 

being filled and for approximately 30 min. after filling is complete. 

The flask shall be filled to within the last milliliter marked on the 

neck when held at the maximum test temperature and slowly cooled 
Ctive to room temperature (10 to 12 hr.). Before starting the test, the flask 
nsion shall be examined for the presence of cavities or irregular contraction 
oeff of the compound. Some compounds after cooling below the liquid 
beer state, tend to stick to the sides of the neck of the flask. In such 
now cases it is necessary to gradually warm the neck and flow the com- 
) the pound to meet the rest, after which the flask shall be placed in the 
ma bath for several hours to insure temperature equilibrium. 

(b) With the compound satisfactorily placed in the flask at the 
lowest temperature, the height of the column in the neck shall be 
read and the bath then slowly heated. Readings shall be taken at 
50 C. intervals, holding the bath as constant as possible at each 
point until no more expansion occurs at that point, the procedure 
being repeated for each point until maximum temperature is reached. 

(c) Precautions—During the test, temperature readings shall be 
taken at top and bottom of the bath to detect any variation. 
Readings of the expansion of the compound shall be made at inter- 
vals long enough to insure uniform temperature distribution and 
complete movement of the compound. Until complete liquefaction, 
the interval should be 3 to 4 hr.; after liquefaction it may be reduced 
to 30 min. 

Calculation 


12. (a) After securing the readings over the temperature range 
desired, a curve shall be plotted from the temperature and expansion 
readings from which the coefficient of expansion shall be calculated 
from the following formula: 
— V 
where V = the original volume occupied by the compound; | 
V, = the volume at higher temperature occupied by the com- 
pound; 
T = the original temperature; BS 
T, = the higher temperature, and 
C =aconstant = coefficient of expansion of glass container. . 
(6) The coefficient of expansion shall be calculated for three — 
temperature ranges, as follows: 
(1) From the minimum temperature at which the measure- ™ a 
ment was made to 10 C. below the melting point. Thisisin- 
tended to give the average coefficient for the solid condition. 


Coefficient of expansion of the compound = 
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(2) From 5 C. above the melting point to 100 C. This is 
intended to give the average coefficient for the liquid condition, 

(3) From the minimum temperature at which a measure. 
ment was made to 100 C. 


Method B. Using Metallic Cell 
Apparatus 


13. (a) Metal Cell.—The cell shall be made of steel, consisting of 

_ four parts, a cylinder about 2.5 in. in internal diameter, having a 

rigid bottom, a metallic gasket, a cover to which a steel capillary 

tube is attached and an auxiliary cover for introducing the compound 

to be tested while the cell is under a vacuum. ‘The cell shall have an 

_ internal volume of approximately 250 ml. A metallic cell that has 
been found suitable is described in Appendix II. 

(b) Oil Bath—rThe oil bath shall be the same as described in 
Section 9 (b), Method A, with the exception that provision shall be 
made for supporting the metal cell. 

Calibration 
14. The cell shall be calibrated to determine its volume at various 
_ temperatures as follows: 

(a) Weigh the assembled cell to determine its tare weight. 

(b) Fill the cell with mercury until replacing the cover causes 
some to extrude through the capillary tubing. Record the weight of 

‘ the cell and mercury and note the temperature. 
(c) Place cell in the oil bath in an inverted position. The 
capillary tubing should extend over the side of the oil bath in such a 
way that the extruded mercury may be caught in a beaker. The 
oil bath which is several degrees above room temperature causes 
some mercury to be extruded from the capillary tube. When all 
expansion has taken place, weigh the mercury collected. 

(d) Adjust the oil bath for other test temperatures and note the 
amounts of mercury extruded. The weight of mercury in the cell 
at any temperature is thus determined and the volume may be 
calculated. 


Procedure 
15. (a) The cell shall be fitted with the auxiliary cover and held 


of mercury and a temperature 50 C. higher than the softening point 
(ring-and-ball method, as determined under Section 2 ()) shall be 

_ maintained while filling and for at least 30 min. after the cell has been 
filled to within approximately } in. of the cover. The cell shall then 
be slowly cooled to room temperature, and any irregularities 1 in the 
surface of the compound removed. 


; in an upright position in the oil bath while filling. A vacuum of 25 in. 
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(b) The auxiliary cover shall be replaced with the standard 
cover and the cell and compound weighed. 

(c) Sufficient mercury shall be poured into the cell so that some 
is extruded when the cover is screwed down. ‘The cell shall then be 
weighed again. 

(d) The cell shall then be inverted and placed in the oil bath, 
and the procedure outlined under calibration, Section 14 (c) and (d) 
again followed for 5 C. intervals. 

(e) Precautions.—Only clean, distilled mercury shall be used. 
During the test, temperature readings shall be taken at top and 
bottom of the bath to detect any variation. Readings of the expan- 
sion of the compound should be made at intervals long enough to 
insure uniform temperature distribution and complete movement of 
the compound. Until complete liquefaction, the interval should be 
3to4hr.; after liquefaction, it may be reduced to 30 min. 

Calculation 

16. (a) After volumetric determinations have been made over 
the desired temperature range, a curve shall be plotted between 
volume and temperature readings from which the coefficient of expan- 
sion shall be calculated from the following formula: 

Coefficient of expansion of the compound = 
where V = the original volume occupied by the compound; 
V, = the volume at higher temperature occupied by the com- 
pound; 
T = the original temperature, and 
T, = the final temperature. 

(b) The coefficient of expansion shall be calculated for the same 
three ranges as prescribed in Method A, Section 12 (0). 
Report 

17. The report shall include the following: = 

(a) The type of cell used. : 

(b) A copy of the volume-temperature curve. 

Ps The temperature ranges as defined under Section 12 (6) or 
16 (b). 

(d) The coefficient of expansion corresponding to each of the 

three temperature ranges. 


Method C. Specific Gravity Method 
Procedure 


18. The specific gravity of untreated or degasified compound at 
two test temperatures may be found by either of the procedures 


specified in Section 5. _ 


i | 
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Calculation 


(1 
19. From the temperature and specific gravity readings the coefficien tempe 
of expansion shall be calculated from the following formula: repeat 
Coefficient of expansion = ap. gr. at sp. gr. at Ts 
(T, — T) sp. gr. at 7; Calcul 
where J = the initial temperature, and : 
T, = the higher temperature. 
Method D. Pycnometer Contraction | : 
Scope 
20. This method is a modification of the specific gravity method ( a 
(Method C). It may be applied to either untreated or degasified com- 
pounds. 
Apparatus Then 
21. (a) Flask.—A 100-ml. volumetric glass' flask shall be used and 
the zero mark shall be as near as possible to the bulb of the flask. 
(b) Oil Bath.—The oil bath may consist of a tall-form glass! beaker of 
sufficient size so that when the flask is supported about 1 in. from the 
bottom the oil level will reach at least to the zero mark of the flask. 
(c) Metal Collar.—Lead or iron collars placed on the neck of the flask 
shall be used during heating to prevent oil currents of the bath from moving 
the flask. whe 
Procedure 
22. (a) The flask shall be weighed and then filled to within approxi- 
mately 10 ml. of the zero mark with the compound to be tested, care being 
taken that at no time shall the temperature of the compound exceed the 
softening point (ring-and-ball method) by more than 10 C. Care shall also 
be taken so that none of the compound remains in the stem of the flask. 
The flask shall be cooled to room temperature, weighed, immersed in the 
oil bath and placed in an oven previously heated to the maximum tempera- 
ture at which the test is to be run. After the oil bath reaches the test ave 
temperature it shall be allowed to remain at this temperature for 1 br. 
The flask shall be removed from the oven, and mercury from a burette shall 
be quickly poured into it until the level of the compound is within 0.5 ml. Sco 
of the zero mark. The quantity of mercury used shall be noted in mil- 
liliters. The flask shall be replaced in the oven for 20 min., removed again M 
and the mercury titration shall be continued until the level of the compound ma 
is exactly at the zero mark. ‘The number of milliliters of mercury used in 4 
both titrations shall be recorded. "i 
} Pyrex glass or other material with equally low coefficient of expansion is very satisfactory for this purpose Se 


j 
* 
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(6) The oven temperature shall be reset at the next lower test point, 
temperature equilibrium allowed for as above, and the titration shall be 
repeated. ‘The same procedure shall be continued at all subsequent test 
points, the milliliters of mercury added at each point being recorded. © 


Calculations 


23. To find the coefficient of expansion of the material between any = 
two temperatures, the calculations shall be made as follows: 


Volume of mercury A at room temperature _ 
corrected to temperature ¢ = A + 0.000182A (# — 20) 
Example—I£ volume of flask is 100 ml. at 20 C.; volume at ¢ = 100 + 0.0025 
(t — 20) ml. 
Let X = V, — M, = the volume of compound at 7,, 
Let Y = Vz — My = the volume of compound at 7, 


xX Y 
Then the expansion in cu. cm. per gram, T, — T: =—~ — 


W 


the expansion per cu. cm., 7; — T; = Y 


W 
the coefficient of expansion, cu. cm. per cu. cm, = Y(-To 
per degree Centigrade. 
where W = the weight of sample in grams 
T, = the higher temperature in degrees Centigrade 
T, = the lower temperature in degrees Centigrade 
M, = milliliters of mercury (corrected) added at 7; 
M; = the sum of milliliters of mercury (corrected) added at 7, and 


V; = the corrected volume of flask at 7; _ 


V. = the corrected volume of flask at T2 


To obtain the curve of expansion, plot the points 8 = etc., which 
ire the densities at various temperatures. x Y 


Method E. Pycnometer Expansion 
Scope 


24. This method is another modification of the specific gravity method 
Method C) and may also be applied to either untreated or degasified 


materials, 
Apparatus and Calibration 


25. The pycnometer and bath required are the same as described in 
Section 21, except that the neck of the flask shall be cut off at the 100-ml. 
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point and ground square. A metal pycnometer may be used provided its 


coefficient of expansion is known and is used in Section 27. Th 
Procedure water @ 
26. In this procedure the pycnometer shall be allowed to co § »™ C 
slowly to the lowest test temperature. During the cooling period the 
flask shall be kept filled by adding more compound and after equilibrium §} zc 
is reached the excess material shall be removed by passing a sharp, flat 
blade over the rim. The flask shall then be removed from the bath and (b 
quickly weighed. Knowing the tare weight and volume of the flask, the beaker 
specific gravity may be determined. For successively higher temperatures, desired 
it is only necessary to weigh the extruded portion = 
Calculations a 0 
27. From the temperature and weight readings the coefficient of T 
expansion may be calculated from the following formula: campli 
W - WC When 
Coefficient of expansion = — W, shall 
where W = the initial weight of the sin in the flask ( 
W, = the weight of the compound in the flask at higher temperature shall | 
_ T = the initial temperature i 
T, = the higher temperature 
C = the coefficient of expansion of the flask Calcul 
Method F. Plummet Displacement pouri 
Scope descr 
28. This method is another modification of the specific gravity method ing t 
(Method C). 
Apparatus 
29. The apparatus shall consist of the following: 
_ (a) Balance.—An analytical balance equipped with pan straddle. Scop 
(b) Plummet.—An aluminum plummet of suitable shape weighing 5 
to 10 g. 
(c) Beaker.—A 400-ml. glass! beaker wrapped with asbestos. ti 
(d) Thermometer —A thermometer of suitable range. _ mea 
(e) Wire.—Two pieces of fine copper wire. g 
Procedure App. 


30. The specific gravity at pouring temperature shall be calculated from 
the weight of compound displaced by the calibrated aluminum plummet. 

31. (a) Calibration of Plummet.—The following weight determina- 
tions of the plummet, to the nearest 1 mg., shall be made: 


a =the weight in air; - 
b =the weight suspended in water at 25 C. (77 F.). _ 


1 Pyrex glass or other material with equally low coefficient of expansion is very satisfactory fer this purpose: 


| 
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Then: a — 5 = the weight of water displacement at 25 C. (77 F.). 

The value of the plummet displacement (D,,) in terms of grams of 
water at 25 C. (77 F.) shall then be corrected to the pouring temperature, 
i,, in Centigrade degrees by means of the following formula: 


6 Coefficient of cubical expansion of aluminum per deg. Cent. 


(b) Testing of the Sample.—The sample shall be carefully melted in the 
beaker and the temperature raised to approximately 15 C. (27 F.) above the 
desired test temperature. The beaker shall be placed on the straddle and the 
plummet suspended in the compound by the fine copper wire. (The 
weight of the wire should be balanced by placing an equal weight of the 
wire on the opposite balance pan.) 

The scales shall be balanced approximately and at the same time the 
sample shall be stirred slowly, using the thermometer as a stirring rod. 
When the sample has cooled to the desired temperature, the weighing 
shall be completed rapidly. 

(c) Calculation of Specific Gravity, t,/25 C.—The specific gravity 
shall be calculated from following formula: 


Weight of Plummet in Air —Weight of Plummet in Compound 


Gr., tp/25 C. = 
Dty 


Calculation of Coefficient of Expansion 


32. After the specific gravity of the sample at 25 C. (77 F.), and at 
pouring temperatures have been determined according to the above 
described methods, the coefficient of expansion shall be calculated accord-_ 
ing to the formula given in Section 19. 


ELECTRICAL TESTS *% 


Drevectric STRENGTH TEST 

Scope 
33. This test is intended to determine the short-time dielectric strength _ 
‘solid filling and treating compounds. It is of value for purposes of com- — 
parison or as an indicator of the condition of a compound, but it is not a | 
measure of the dielectric strength of compounds when subjected to pro-— 

nged stresses. 
Apparatus 


34. The equipment used for producing, controlling, and measuring 
voltage shall conform to that prescribed in Section 2 of the Tentative 
Methods of Testing Sheet, Tape, and Molded Insulating Materials for 
Vielectric Strength (A.S.T.M. Designation: D 149 - 36 T) of the American 
ciety for Testing Materials.’ 


. ter nr oy fas. Gen. Testing Mats., Vol. 36, Part I, p. 918 (1936); also 1937 Book of A.S.T.M. Tenta- 
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Electrodes 
35. The compound shall be tested between polished hemispheric 
- electrodes } in. in diameter separated by a gap of 0.1 in. 


Note.—A convenient form of apparatus for holding the electrodes and compou 
described in Appendix III.' It is recognized that when liquid materials are being tes 
this method is inconsistent with the Standard Methods of Testing Electrical Insyla 
Oils (A.S.T.M. Designation: D 117) of the American Society for Testing Mater 
However, since spherical electrodes are considered preferable for solid and semisolid 
terials, the advantage of using spherical electrodes, in order that direct comparison ca 
made in both the liquid and solid states, is sufficiently great to justify the inconsiste; 
with Methods D 117, 


Procedure 

36. (a) A representative sample of the material shall be taken from 
the original package. ‘This sample shall be melted and poured directly 
into the testing container, care being taken not to overheat the compound 
nor to entrap air. A melting and pouring temperature of approximatel 
50 C. above the softening point (ring-and-ball method) as determined 
under Section 2 (b) is recommended. Pasteboard test receptacles shal 
be thoroughly dried out by heating before using, and the entire test con- 
tainer assembly shall be heated to its safe maximum temperature (85 to 
90 C. if bakelite is used) before the compound is poured into it. 

(b) The testing container, after filling, shall be placed in a suitable 

_ temperature control chamber and left for 4 hr. or until the compound has 
been brought uniformly to the desired test temperature. ‘Ihe temperature 
may be determined by a thermocouple inserted along the axis of one of 
the electrodes to a point near the tip. 

(c) Voltage shall then be applied to the test specimen at a uniform 

_ rate of increase of 1000 v. per sec. from zero to breakdown. 
(d) Specimens shall be tested in air unless the breakdown voltage 
~ exceeds 100 kv. If the breakdown voltage is greater than 100 kv., the 
test container shall be immersed in clean, dry oil. Before the specimen 
is immersed, the oil shall be brought to the test temperature. Care shall 
be taken not to contaminate the compound with the oil. 

(e) Variations of gap setting with temperature may be determined 
by varying the temperature of the test assembly when empty. For well- 
designed test apparatus, these variations are so small as to be negligible. 
For maximum accuracy, or for cases where the variation might be appre- 
ciable, a temperature correction curve for the gap may be determined and 
allowance made for gap variation when a test setting is made. 


Number of Tests 
37. (a) As the dielectric strength of filling and treating compounds 
varies widely with temperature, it is recommended that tests be made at a 
sufficient number of temperatures to establish the dielectric strength - tem- 
perature curve from 0 to 100 C. For this purpose, tests should be made 
at 0, 30, 70, and 100 C. se 


1See p. 1005. 
2 1936 Book of A.S.T.M. Standards, Part II, p. 1167. 
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(b) Five specimens shall be tested at each temperature and the 
werage value taken as the short- time dielectric strength of the com- 
pound at that temperature. 

Report 

38. The report shall include the eieilea 

(a) The short-time dielectric strength - temperature curve, and 
(b) The individual values of the breakdown voltage. a 


VoLUME RESISTANCE — TEMPERATURE CHARACTERISTICS 


Volume Resistance versus Temperature 

39. (a) This test is intended to determine the volume resistance 
-temperature characteristics of solid filling and treating compounds. 
It is of value as a comparative test and also may be used in deter- 
mining the volume resistivity on an ohm-centimeter basis. 

Temperature Range 

(b) The volume resistance of this class of material varies with 
the temperature, generally decreasing rapidly with increase of tem- 
perature. It is, therefore, recommended that a sufficient number of 
tests be made at different temperatures to establish the volume 
resistance - temperature curve. To be of most significance, the 
test shall include determinations made up to the highest service 
temperatures. At room temperatures and below, the volume 
resistance of practically all of these compounds is so high that it 
cannot be measured with the ordinary galvanometer equipment. 
Conductivity Cell 

40. A suitable conductivity cell consisting of parallel planes, 
concentric cylinders, or coaxial cones shall be used in determining 
the volume resistance of the compound. ‘The distance between 
electrodes shall not be less than 0.75 mm. (0.03 in.) nor more than 
5 mm. (0.2 in.). The voltage gradient shall not exceed 200 v. 
per millimeter (5 v. per mil). The area of the electrode shall be 
sufficiently large so that the current flow can be measured, with the 
apparatus available, to an accuracy within 5 per cent. Electrode 
areas of 50 to 500 sq. cm. (7.7 to 77.5 sq. in.) should prove suitable. 
Because of possible catalytic or corrosion effects of some compounds 
. certain metals, the electrodes should be nickel, gold or platinum 
plated. 

The insulating material used to support the electrodes shall be 
capable of withstanding the wide temperature range to which the 
cell is subjected and preferably shall be of an inorganic material such 
as 4 Ceramic material or suitable glass. 

A test run on the empty cell shall be made over the temperature 
tange chosen in order to determine if any leakage is present. 
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A conductivity cell that has been found suitable is described 
in Appendix IV. 


Sample 


41. (a) A representative sample shall be taken from the original 
package, melted and poured directly into the testing container, 
Care shall be exercised in melting and pouring the compound not to 
overheat nor to entrap air in it. A melting and pouring temperature 
of approximately 50 C. above the softening point (ring-and-ball 
method) as determined under Section 2 (b) is recommended. The 
quantity of the sample depends upon the capacity of the resistivity 
cell used, but in any case it shall be sufficient to permit three separate 
determinations. Before filling, the conductivity cell shall be heated 
to slightly above the pouring temperature of the compound. 

(b) A suggested procedure in filling the cell, especially in the 
case of the higher melting compounds, is to determine the quantity 
of compound necessary to just fill the cell with the electrodes in 
position. In the case of coaxial cones or concentric cylinders the 
proper quantity of the heated compound shall be first poured slowly 
into the outer cylinder. Any bubbles which may form on the surface 
of the compound shall be removed by a quick application of a flame 
from a bunsen burner. Immediately the inner electrode shall be 
slowly lowered into the compound and a thermometer placed in the 
Test Procedure 


42. The conductivity cell, after Gilling, shall be placed in an oil 
or air bath having suitable temperature control and sufficient time 
allowed to elapse to bring the bath and cell to temperature equilibrium 
at each test temperature. The temperature of the cell shall be 
determined by two mercury thermometers placed in contact with 
the electrodes. ‘The temperature of the bath shall be determined 
by a mercury thermometer placed near the cell. The temperature 
of the bath shall be within 1 C. of the test temperature when readings 
are taken. ‘The temperatures of the cell thermometers shall agree 
within 0.5 C. of each other and within 1 C. of the bath temperature 
when readings are taken. 

Measurements and Calculations 


43. The volume resistance shall be measured at each temperature 
in accordance with the Standard Methods of Test for Resistivity 
of Insulating Materials (A.S.T.M. Designation: D 257) of the 
American Society for Testing Materials,’ with particular attention 
to Sections 8, 9, 10, 17, 18 and 19 for liquid insulating materials. 


41936 Book of A.S.T.M. Standards, Part II,p.1203, 
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Report 

44. The report shall include the following: 

(a) The type of resistivity cell used; 

(b) The distance between guarded and anne electrodes; ft 

(c) The area of guarded electrode; 

(d) The battery voltage; and 

(e) A curve plotted from the readings obtained over over the tem- 
perature range chosen showing the relation of volume resistance in 
ohm-centimeter units and the temperature in degrees Centigrade. 


Note.—In lieu of the information required in Paragraphs (b) and (c), a statement 
of the approximate overall accuracy may be made. 


Power FAcTOR AND DIELECTRIC CONSTANT 
Scope 

45. This test is intended to determine the power factor and the 
dielectric constant of solid filling and treating compounds at specified 
temperatures corresponding to those temperatures to which the 
materials are to be subjected in service. 
Temperature Range 

46. Since the power factor and dielectric constant of this class 
of materials vary with the temperature, a sufficient number of tests 
shall be made at different temperatures to establish the dielectric 
constant - temperature curve and the power factor —- temperature 
curve over the temperature range to which the respective material is 
subjected in service. Determinations shall be made at not less than 
three temperatures; a temperature near the lowest to which the 
material is to be subjected in service, ordinary room temperature of 
20 to 25 C., and a temperature near the maximum temperature to 
which it is subjected in service. 

Note.—For many materials the power factor - temperature curve may have a 
maximum, minimum, or other irregularity within the working range of temperatures. 
With such a material many determinations may be required to establish the curve. 
Test Specimens 

47. The materials to which these tests apply fall into two classes 
as regards the most suitable type of specimen to be used in the measure- 
ment of power factor and dielectric constant. One class includes 
waxes and other materials which can be cast or pressed into sheet 
form and then measured between electrodes, such as are used in 
making tests on porcelain, molded materials and sheet materials. 
(See the Tentative Methods of Testing Electrical Insulating Materials 
for Power Factor and Dielectric Constant (A.S.T.M. Designation: 
D 150-36 T) of the American Society for Testing Materials.') The 


_| Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 955 (1936); also 1937 Book of 
AS.T.M. Tentative Standards, p. 1069. 
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other class includes materials that are fluid at ordinary temperature 
or can be made so by increasing their temperatures. Materials ip 
the fluid state can be poured into a measuring cell such as described 
in Section 52 and the determinations made from which the power 
factor and the dielectric constant can be calculated. 


Measuring Cell 


48. In the measuring cell the distance between the electrodes 
and the area of the electrodes shall be such that a capacitance of not 
less than 100 wf. will be obtainable. The voltage gradient shall not 
be over 5 v. per mil. Due to the catalytic or corrosive effects of some 
compounds on certain metals, the electrodes may need to be nickel, 
gold, or platinum plated. ‘The insulating material used to support 
the electrodes shall be capable of withstanding the wide temperature 
range to which the cell or material is to be subjected during the tests 
without any appreciable effect upon the determinations being made. 
Certain ceramic materials, special glasses, and quartz have been 
found suitable for insulating supports for the electrodes between 
which the material is to be measured. One cell that has been found 
satisfactory for these determinations is described in Appendix IV. 
Cells of different construction from the one described have been used 
with equally satisfactory results. 


4 
Sampling 


49. A representative sample shall be taken from the original 
package, melted if necessary, and then either cast in the form of a 
disk or poured directly into the measuring cell. The use of the cell 
or the disk will depend upon the particular material. In heating and 
pouring the compound, care shall be exercised not to entrap air in 
the compound between the electrodes. A melting and pouring 
temperature of approximately 50 C. above the softening point (ring- 
and-ball method, as determined under Section 2 (6)) is recommended. 
A sufficient quantity of the material shall be taken as the sample to 
enable making at least three determinations. Before pouring the 
compound into the container or cell, the container or cell shall be 


heated to a temperature slightly higher than the temperature at which 
the compound is being poured. 


Temperature Bath 


50. The specimen as prepared above, shall be placed in an oil 
or air bath having suitable temperature control, and sufficient time 
allowed to elapse to bring the bath and specimen to the desired 
temperature equilibrium at each test temperature. The temperature 
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of the electrodes and the compound shall be determined by two 
mercury thermometers, or two thermocouples with cold junctions 
placed in contact with the electrodes. The temperature of the bath 
shall be determined by a thermometer, or a thermocouple with cold 
junction placed near the cell or the specimen. The temperature of 
the bath shall be within 1 C. of the desired test temperature when the 
determinations are made. ‘The temperature of the specimen ther- 
mometers or thermocouples shall agree within 0.5 C. of each other 
and within 1 C. of the bath temperature when the readings are taken. 


Measurements 


51. Determinations shall be made of the power factor and 
dielectric constant at the temperatures and frequencies desired in 
accordance with the methods outlined for 25 to 60 cycles, 1000 cycles 
and 100 to 1500 kilocycles as described in the Tentative Methods of 
Testing Electrical Insulating Materials for Power Factor and Dielectric 
Constant (A.S.T.M. Designation: D 150-36 T) of the American 
Society for Testing Materials! Measurements shall be made at the 
frequencies to which the material will be subjected in service unless 
otherwise specified. When using a cell in making power factor and 
dielectric constant determinations, measurements shall be made at the 
temperature desired, first with air as dielectric and then with the 
compound in the cell as dielectric. 


Calculations 


52. The power factor shall be calculated in accordance with the 
Tentative Methods D 150-36 T,! and the dielectric constant shall 
be determined for any given compound from the ratio of the capaci- 
tance of the cell with the compound as dielectric to the capacitance of 
the cell with air as dielectric. When the specimen under determination 
isin the form of a disk the air capacitance shall be calculated from 
the dimensions of the electrodes and the thickness of the dielectric. 
In this case, correction shall be made as outlined in the Tentative 
Methods D 150-36 T.! When the sample has been poured between 
electrodes being held apart by separators, the air capacitance can be 
measured directly the same as with the cell, or it may be calculated 
from the dimensions of the electrodes and the thickness of the sepa- 
rators, taking into account the edge correction. 


Report 
53. The report shall include the following: 
(2) The type of cell used and the dimensions of the same. 
' Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 955 (1936); also 1937 Book of 


AS.T.M. Tentative Standards, p. 1069. 


re 
in 
ed 
er 
es 
ot 
it 
n 
> 
| 


1004 MetHops oF TESTING SOLID FILLING AND TREATING Compounns 


(b) The method used and the frequency at which measurements 
were made. 
_ (c) The voltage across the specimen during the test. 
_(@) The dielectric constant, the power factor, and the respective 
temperatures at which the determinations were made. 
(e) A statement of the approximate accuracy of the 
determinations. 


APPENDIX I 


DEGASIFICATION OF SOLID FILLING AND TREATING COMPOUNDS 

Compounds having high viscosity may be degasified by heating in a vacuum 
oven or in a cell fitted with a special cover with vacuum connection similar to 
the cover shown in Fig. Al, Appendix IT. 

In either method the temperature and vacuum should be high enough and 
the time long enough to insure the driving off of mechanically entrapped gases, 
but should tend to decompose the compound as little as possible. A gas-free 
condition is indicated when bubbles of gas no longer appear at the surface of 
the compound. 


CELL FOR DETERMINING COEFFICIENT OF EXPANSION OF SOLID 
FILLING AND TREATING COMPOUNDS 


Figure Al shows the metallic cell for coefficient of expansion determinations. 
The cell consists of four principal parts: A steel cylinder, a metallic gasket, a 
steel cover, and a dummy or auxiliary cover for filling. The gasket must be of 
a metal which does not amalgamate with mercury. 

The cylinder is about 2.5 in. (6.35 cm.) in internal diameter, and approxi- 
mately 3 in. (7.6 cm.) in internal depth. The top of the cylinder is threaded to 
receive the steel cover and has a machined shoulder to seat a 0.003 in. thick 
metallic gasket. The cylinder may be of one piece construction or fitted with a 
cap at the bottom similar to the top end. 

The steel cover is carefully rounded on the under side to avoid air pockets. 
It is threaded into the top of the cylinder and seats on the metallic gasket. 
The center of the cover is threaded to receive a steel capillary tube of 0.018 in. 
in internal diameter. ; 

The auxiliary cover is brass with a rubber gasket seated by atmospheric 
pressure. A brass funnel and vacuum connection are soldered to the cover. A 
plug is provided for sealing the funnel while the cell is maintained under the 
vacuum specified after filling. 
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for connection Funnel 
to vacuum pump --= for filling 


Rubber gasket? Auxiliary cover 


Steel tubing 0.0/8" 1D 
\ 


hreaded, 


Tool steel—-<. 


Yi 
Capillary tube 
Seal, 0003" steel gasket 


This end may be 
made with cap 
similar to other 


end 


Cell in this position for filling 
Cell inverted when placed in 
controlled temperature bath 


tor tests 


Fic. Al.—Metallic Cell for Coefficient of Expansion Determinations. 


APPENDIX III 


DEVICE FOR DETERMINING DIELECTRIC STRENGTH OF SOLID 
FILLING AND TREATING COMPOUNDS 
Because of the great difficulty in removing most solid filling and treating com- — 
pounds from the container, it is desirable to use a test assembly having an inexpensive 
ntainer which can be thrown away after a test. A device of this sort is illustrated 4] 
Fig. A2. 
The test assembly consists of a framework made from laminated phenol fiber, 
enough to hold loosely a box of heavy paper or pasteboard 10 by 1} by 1} in. in 
e dimensions, with brass bushings centrally inserted in each end piece to hold 
electrode rods. The electrodes, which are separable by means of screw joints, 
ate inserted through small holes in the ends of the paper box and clamped to make 
4compound-tight joint. For the electrodes, a metal is selected that will give mini- 
mum gap changes with temperature. Steel has been found quite satisfactory. The 
proper electrode spacing may be obtained by means of an adjusting screw on the 
nght-hand end. 
After use, the electrode supporting screws are backed off; the pasteboard con- 
ner, holding part of the electrodes, is then easily withdrawn. ‘The electrode parts 
are salvaged by melting the compound, and the used pasteboard container discarded. 
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Fic, A2.—Container, Showing Electrodes in Place for Dielectric Strength Test. 


APPENDIX IV 


MEASURING CELL FOR RESISTIVITY, POWER FACTOR AND 
DIELECTRIC CONSTANT MEASUREMENTS OF SOLID 
FILLING AND TREATING COMPOUNDS ; 
A conductivity cell that has been developed for the purpose of measuring 
the volume resistivity as well as other electrical constants of solid filling and treat 
ing compounds and oil is shown in Fig. A3. The concentric cylinder type of cell 


was 
plic 
| 
ma 
ha: 
wh 
Ie 4 
Fed 
(TITITITI 


AS.T.M. DESIGNATION: D 176 - 37 T 1007 


was chosen after experimenting with various types for the following points of sim- 
plicity and efficiency: 

1. Ease of insulating electrodes. 

2. Large area of electrodes in compact form, the outer one of which also 
serves as container for the compound. ‘This outer electrode is also exposed 
directly to the heating medium and aids in rapid changes from one temperature 
to another and also promotes uniform temperature distribution to the 
comparatively thin layer of compound in contact with it. 

3. Comparative ease in assembling and disassembling cell and cleaning. 

This type of cell permits the use of a very small amount of insulating 
material to insulate the electrodes. Mycalex has been found to be a satisfactory 
material for this purpose due to the fact that.it can be machined to size and 
has good insulation resistance characteristics over the temperature range at 
which these compounds are normally tested. Also, it apparently is unaffected 
by the solvents used in the cleaning operation. a BS 


Thermometer Guarded ends of 
“inner electrode 


Dimensions of cerr 
approximately half 
size except distance 
between inner and 
outer electrodes 
0.05 in. 


Metal parts 
Plated brass 
Insulating 

Mycalex 


Fic. A3.—Apparatus for Volume Resistance - Temperature Characteristics Test. 


A suggested method of cleaning the cell is to remove the bottom retaining 
ting and to hang the cell in an oven by a hook fastened through a hole drilled 
in the protruding stem. Upon heating, the outer cylinder will slide away from 
the inner electrode and both parts will drain fairly clean of the compound. 
In order to speed up this cleaning, the flame of a bunsen burner may be applied 
directly to the cell after removing the cap and suspending the cell by the 
protruding stem. Further application of the flame to the cylinder and inner 
electrode after they separate will rapidly remove most of the compound and 
the final cleaning of each part can be accomplished by suitable solvents. 
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TENTATIVE METHODS OF TESTING PIN-TYPE, LIME GLAs 
INSULATORS! 


by 
A.S.T.M. Designation: D 468 - 37 T prod 
This is a Tentative Standard and under the Regulations of the Society is subject to ae 
annual revision. Suggestions for revision should be addressed to the Headquarters of the the § 
Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED, 1937.2 Gagi 
Scope 
1. These methods are intended to apply to the testing of pin-type pro] 
_ lime glass insulators used for primary and secondary power distribution. shal 
Sampling _ per 
2. (a) Sampling for purpose of these test methods shall be as specified gag 
in the following Paragraphs (b) and (c). The insulators shall be selected mil 
_in such a manner as to be representative of the lot. Sampling for testing of 1 
by the purchaser on individual shipments shall be by mutual agreement 
_ between the purchaser and the seller. Th 
(b) Every insulator shall be checked during production for the presence 
_ or absence of structural defects. One insulator in each fifty shall be gaged. ™ 
Thermal shock tests and mechanical strength tests shall be made on at bo 
least four insulators selected at random every 24 hr. during production. th 
(c) For the electrical flashover and dielectric strength tests (Section 8) 
_ specimens representative of the product shall be tested and certified by a ¥ 
- commercial or institutional testing laboratory. W 
_ 3. Routine tests consist of visual inspection for physical and structural t 


defects; gaging for pin-hole formation; thermal shock test for homogeneity 
and uniformity of annealing; and, mechanical test for structural strength, 
applied in that order. 


q Structural Defects 


4. The finish of the insulators as indicated by the presence or absence 
of structural defects, such as cracks, chips, folds and stones, shall be deter- 
_ mined by visual inspection. 

Chips are defects caused by the fracture and complete removal of 4 
_ portion of the insulator. 


he 
1 Under the standardization procedure of the Society, these methods are under the jurisdiction oft 
AS.T.M. Committee D-9 on Electrical Insulating Materials. 
2 Accepted for publication as tentative by Committee E-10 on Standards, August 26, 1957. 
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“Folds are a linear indentation of the surface of the insulator caused by 
the meeting and partial welding of a reentrant portion of a surface which 
has been partially chilled in some previous stage of the process of manu- 
facture. 

Stones are foreign inorganic matter completely or partially surrounded 
by glass usually consisting of particles of refractory material, crystalline 
products due to combination of refractories and glass batch constituents, 
particles of incompletely melted batch, or products of devitrification of 
the glass. 


Gaging Threads» 


5. The gaging test is intended to determine whether the pin hole is 
properly formed with smooth and uniformly pitched threads. The insulator 
shall be screwed home on the gage specified (see Appendix I), and when so 
attached observation shall be made of the clearance in inches between the 
top end of the gage and the crown of the insulator. There shall be no 

ae perceptible play or rocking of the insulator when screwed home on the 
ced gage. The number of turns necessary to release the gage shall be deter- 
ected mined by holding the insulator upside down and counting the revolutions 
sting of the insulator required before it can be disengaged from the gage. 


ment 
ence 


6. (a) The thermal shock test consists in transferring the insulators 
rom a hot-water bath to a cold-water bath and then from a cold to a 
whe hot bath. ‘The hot to cold shock indicates primarily homogeneity, while 
‘ the cold to hot shock shows up surface imperfections. 
oh (b) Apparatus.—Two water baths are required, each of which shall 
by a be fitted with separate water inlets and drains. One bath shall be equipped 
with a heating element. ‘The heating supply shall be so placed that the 
bath will be heated uniformly. Standard thermometers preferably partial- 
immersion thermometers graduated in degrees Fahrenheit and conforming 
to the Standard Specifications for A.S.T.M. Partial-Immersion Thermome- 
ters for General Use, —20 to +150 C., 0 to +300 F. (A.S.T.M. Designa- 
tion: D 182) of the American Society for Testing Materials! shall be 
available for checking the temperatures of the baths. 

(c) Procedure.—The water shall be stirred and then the temperature 
of each of the water baths shall be checked for uniformity by noting the 
temperature at various places in the bath. ‘The insulators shall be sub- 
merged in the bath by means of wooden racks and in such a position as 
to permit the filling of the pin cavity and between petticoats. At least 
four insulators of each type shall be tested at one time, half without pins 
and half with standard pins, of the type to | be used, screwed tightly into 

*1936 Book of A.S.T.M. Standards, Part II, p. 1403. ’, 
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the pin holes. ‘The pins shall have well-formed threads, and when threg 
show wear the pins shall be discarded. 
(d) Hot to Cold Shock.—The insulators shall be placed in the hot-water 
bath at 125 F. for 10 min. and then changed within 5 sec. to the cold-water 
bath at 55 F., left therein for 10 min., and then examined. 
(e) Cold to Hot Shock.—-The same insulators shall then be placed jt 
the cold-water bath at 55 F. for 10 min. and then changed within 5 
to the hot-water bath at 155 F., left therein 10 min., and then examin 
(f) Observations.—After each of the above thermal shock tests (Par 
graphs (d) and (e)) the insulators shall be examined for presence or abser This 
of cracking, chipping and spalling. tingency 
that pin | 


Mechanical Strength cin form: 


7. The insulators shall be mounted on a lead-capped, steel pin 
sufficient strength to prevent material deflection within the limits of tl 
pull required to fail the insulator. The load shall be applied mechanicall 
at right angles to the pin through a flexible wire rope in the groove « 
the insulator. The load shall be applied uniformly and the speed of the 
testing machine shall be such that the load can be accurately weighed but 
shall not exceed 0.050 in. per min. when the machine is running idle. Th 
strength of the insulator shall be the total load at first visible crack or 


break of the glass. : 
ELECTRICAL TESTS 


Electrical Flashover and Dielectric Strength 

8. Electrical flashover and dielectric strength tests when appli 
shall be made in accordance with the tests for Pin Insulators as describ 
in the American Institute of Electrical Engineers’ Standard for Insulat 
Tests (A.LE.E. No. 41, March, 1930) (American Standard C 29a-1930 


Note.—tThe applicable sections of the A.I.E.E. standard are given in Appendix 
of these methods. 


we 


APPENDIx I 


INSULATOR THREADS AND GAGES 


This appendix is incorporated as a guide in guarding against the common con- 
tingency of misunderstanding by the use of improper gages occasioned by the fact 
‘hat pin formations for insulators used by the power industry are different from the 
sin formations for insulators used by the telephone and telegraph industry. ‘The 


I"and |g" Thread in Insulator 


Note :Thread fit to be checked 
with insulator gage 


rst Threo) 747 


Knurled- 
° 


I"and Ig" Insulator Gages 


Notes: / Insulator gages shall be 
used to gage threads in 


Rod Pin Thread 
"and 1%’ Insulator Gage Thread 


Insulator 
Notes: 1. Allowable variation onal! 
dimensions.....t0.5 per cent 
to release gage...3 turns, min. 
All Threads 


2. Allowable clearance at tos 
3. Number of turns necessary 
4 threads per inch, taperin 
i n diameter to I” in length 


insulators as specified 
in the specifications 
2. Threads shall be accurate 
dimension finish, dry cut 
and polished after 
hardening 
3 Allowable variation of 
+0.5 per cent on all dimensions 
4. 
I’Gage..!" 2g 13° 38 
5.Materia/ : Tool stee/ 
6. Finish: Smooth except as noted 


Fic. 1.—Insulator Threads and Gages. 


2 


tor gages and thread formations shown in Fig. 1 are those adopted as standard for 


power industry by the Edison Electric Institute and form part of its standard 
i “Suggested Specifications for Insulators and Pin Threads and Gages,” 
ed by the Transmission and Distribution Committee, Edison Electric Institute 


-71, 1937), 
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1 It is expected that the data obtained from these tests will permit development of a practicable laboratory 
procedure for correcting flashover tests for humidity. (See Paragraphs A6 and A7.) 


A2. J 
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ELECTRICAL FLASHOVER AND DIELECTRIC STRENGTH TESTS cube) and 

The following descriptions of the tests for electrical flashover and dielect; oe 

strength have been taken from the American Institute of Electrical Engineers’ Standay in a plane 

for Insulator Tests (A.I.E.E. No. 41, March, 1930) (American Standard C 29a-1930), spmrespon 

Paragraphs 41-100, 41-101, 41-103, 41-104, 41-202, 41-203, 41-600 and 41-40, my a8 

_ Sections A6 and A7 appear in the A.I.E.E. standard as Paragraphs 41-600 and 41-(f} of the to} 
an appendix entitled “for information only.” 

Al. Dry Flashover Test..—Dry flashover test shall be performed with the pin (15.24 en 

insulator mounted in a vertical position on a steel pin of circular section 1 in. (2.54 em. ser cont 

in diameter mounted on a cross-arm, and of such length that the ratio of the shortet 9 This 

; distance from the outer edge of the head, around the insulator to the cross-arm, t and durit 

the shortest distance from the edge of the head around the insulator to the pin shall 9» thorou 

be 1.25. The cross-arm shall be a grounded metallic tube not less than 3 in. (7.63 em onsition ¢ 

and not more than 5 in. (12.7 cm.) in outside diameter and shall extend at least 3 f ‘The 

_ (0.914 m.) on either side of the center line of the insulator pin. No other ground the head 

_ structure shall be nearer than 3 ft. (0.914 m.) to any part of the insulator or conduetor. B45 sec. t 

‘ The head of the insulator shall be fitted with a straight smooth metallic rod or tube Braised qu 
not less than 0.5 in. (1.27 cm.) in outside diameter extending in a direction at right A3. 

; angles to the cross-arm and at least 2 ft. (0.609 m.) in either direction from the center te consic 

line of the insulator head. ‘This rod shall be secured in the upper groove by means gai] be 

. _ of at least one turn of wire not smaller than No. 8 A.w.g. placed in the side tie wire J jgtors sh 

: groove, the ends being closely wrapped about the rod on each side of the insulator A4. 

out to a point vertically above the edge of the largest petticoat. inverted 

The test shall be performed by applying voltage between the rod fastened to the Beep ove 

_ head and the steel pin, and raising it at a rate of approximately 10,000 v. every 15 sec. 15 ky, t 

| to a value at which dry flashover occurs. The initial applied voltage may be raised of the it 

quickly to approximately 80 per cent of dry flashover voltage. tin. (2, 

Flashover voltage shall be determined at or corrected to a standard humidity be pin 

corresponding to a vapor pressure of 0.6085 in. (15.45 mm.) of mercury. This is ose fit! 

equivalent to a relative humidity of 65 per cent at 77 F. (25 C.) and a barometric e thin 

_ pressure of 30.0 in. (76.2 cm.) of mercury. Humidity shall be measured with wet The 

and dry bulb thermometers, the air being circulated past the thermometers at 4 el pit 

velocity of 3 m. (9.84 ft.) or more per second or by the sling psychrometer. The whicl 

measurements shall be reduced to vapor pressure with the assistance of the Smithsonian as 
Meteorological Tables or by the following formulas = 

E = E’ — 0.000367 B (¢ — 52) rag 

+371 AS 

where E = vapor pressure in inches, sel 

__ -E! = pressure of saturated aqueous vapor at temperature t’, oe per 

t = temperature of the air in Fahrenheit degrees, oneiiens 

t’ = temperature of the wet-bulb thermometer in Fahrenheit degrees, and The 

_ B = barometric pressure in inches. vat 
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A2. Wet Flashover Test.—Except that no provision need be made for controlling 
he temperature and relative humidity of the air, the testing arrangement shall be 
che same as in the dry flashover test with the addition of equipment to provide a 
gely divided and reasonably uniform spray at an angle of 45 deg. from the vertical 
ond at a rate of precipitation of 0.2 in. (5.07 mm.) per min. The water shall have 
, resistance of from 6000 to 8000 ohms per inch cube (15,200 to 20,300 ohms per cm. 
cabe) and shall be delivered to the spray nozzle at a pressure of not less than 35 and 
sot more than 50 Ib. per sq. in. (2.46 to 3.51 kg. per sq. cm.) measured at the nozzle. 
The vertical and horizontal dimensions of the vertical area sprayed shall be measured 
ina plane through the vertical axis of the insulator and shall be at least 1.75 times the 
wmesponding over-all projected dimensions of the insulator. The precipitation shall 
ie determined by measurements taken, with the insulator removed, at the location 
of the top, center and bottom of the vertical axis of the insulator when in its test 
sition. The water shall be collected in a vessel having a top diameter of 6 in. 
5.24m.). Individual measurements shall show a variation of not more than 25 
set cent from the mean of the three measurements. 

This standard spray shall be applied to the insulator for 1 min. prior to the test 
and during the test. Before applying the standard spray, the insulator shall be given 
a thorough preliminary wetting either by immersion, by spraying in an inverted 
wsition or by using a hose on the insulator in its test position. 

The test shall be performed by applying voltage between the rod fastened to 
the head and the steel pin, and raising it at a rate of approximately 10,000 v. every 
15sec. to a value at which wet flashover occurs. The initial applied voltage may be 
raised quickly to approximately 80 per cent of the wet flashover voltage. 

A3. Flashover Tolerances..—The flashover voltages of a pin-insulator design shall 
teconsidered as checked, if the average of the dry flashover voltages of three insulators 
shall be within 5 per cent and the average of the wet flashover voltages of three insu- 
lators shall be within 10 per cent of the corresponding assigned voltage. 

A4. (a) Puncture Test—Puncture test shall be performed with the insulator 
inverted and so immersed in insulating oil that the oil will be at least 6 in. (15.24 cm.) 
deep over all parts of the insulator. The insulating oil shall be capable of withstanding 
IS kv, between 1 in. (2.54 cm.) disks spaced 0.1 in. (0.254 cm.) apart. The head 
of the insulator shall be covered with a cap of conducting cement approximately 
1 in, (2.54 cm.) thick and 0.75 in. (1.90 cm.) larger in radius than the insulator head. 
The pin hole shall be provided with a cemented thimble in which shall be inserted a 
hse fitting metal pin. Oil? may be excluded from the space between the pin and 
the thimble by means of cement. 

The test shall be performed by applying voltage between the cement cap and the 
sel pin, and raising it at a rate of approximately 10,000 v. every 15 sec. to a value 
which puncture occurs. The initial applied voltage may be raised quickly to the 
ry flashover voltage. 

_ (6) Puncture test shall be made on insulators which have passed the routine 
“ashover tests. Rejection of insulators for puncture shall be based on the “Per Cent 
Average Variation” in puncture voltage determined as described in Paragraph AS. 

_ AS. Determination of “‘ Per Cent Average Variation” in Puncture Test—Purchaser 
wil select from the insulators offered for final inspection not more than one-half of 


“¢ per cent of the total quantity and not less than three insulators. 


, These flashover tolerances are made to provide for testing variables which are difficult to control. 
. * The rocedure for testing oil is completely described in the Standard Methods of Testing Electrical 
felating Is (A.S.T.M. Designation: D 117) of the American Society for Testing Materials, 1936 Book of 
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Let 
ViV2V;.... Vy = individual puncture values 
V = average puncture voltage 
V + Vy)/n 


a= V V2 
dn = V — Va 
Consider all the values of a as positive, that is, neglect the signs. 
Let 
@ = average variation 
A = per cent average variation 
Then 
a = (a, +42 +43 .... 
A = 100a/V* 
If “Per Cent Average Variation,” A, exceeds 10 per cent, the entire quantity 
_ shall be rejected, or at the manufacturer’s option and expense an additional 2 per cen: 
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VOLTAGE AT 7,000 OHMS PER IN CUBE 


0 2,000 4,000 6,000 8,000 
RESISTANCE OF SPRAY WATER - OHMS PER IN. CUBE 


Fic. 2. 


or a minimum of 10 insulators may be tested. In this case the results of the second 
test alone shall be considered and if the ‘‘Per Cent Average Variation,” A, exceeds 
10 per cent the entire quantity represented shall be rejected. Further if the average 
puncture voltage V is less than 1334 per cent of rated dry flashover voltage, the entire 
quantity represented shall be rejected. 
A6. Variation of Wet Flashover Voltage with Water Resistance.—It is frequently 
‘difficult to get consistent results for wet flashover voltages of insulators when the 
tests are made in different laboratories. This is sometimes largely due to the difference 
in resistance of the spray water. Tap water is sometimes 2000 ohms per inch cube 
oF less, and steam condensate is sometimes over 50,000 ohms. In the Standards i 
is stated that the water shall have a resistance of from 6000 to 8000 ohms per inc 
cube, so that it always should be possible to obtain spray water of the specified resist 
ance by treatment of the condensate or by mixing condensate with tap water. 
The effect of using low-resistance water is well shown by the two curves give 
in Fig. 2, which are from independent sources. Curve A was contributed by Mr. 


. 
_ * Example.—Five insulators punctured at: 150, 135, 145, 138, 142 kv., respectively: 


V = (150 + 135 + 145 + 138 + 142)/5 = 142 
a= (8+7+3+4+0)/5 = 4.4 
; A = 100 X 4.4/142 = 3.09 per cent 
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p. W. Peek, Jr., and Curve B was adapted from a discussion of the German Standards 
appearing in Elektrotechnische Zeitschrift. Mr. Peek’s curve is based on tests of three, 
éye and eight-unit suspension strings of 10-in. disks. The German curve is described 
ss applying to ““Cap type, insulators, flat shape; small suspension insulators; disk 
type strain insulators with metal skirt.” In each case, 100 per cent flashover voltage 
s taken as the flashover voltage with water of 7000 ohms per in. cube resistance, 
this being half-way between the extremes permitted by the Standards. 

AT. Method of Reducing Dry Flashover Tests to Standard Humidity.—For reducing 
dry flashover test voltages determined under conditions of humidity different from 
standard to standard humidity conditions the following method will be acceptable 
although it is expected that experience will result in the development of a simpler 
method. 

Flashover voltages for a particular insulator design may be measured at three 
diferent humidities, at least one test being made at a humidity higher than standard 
and at least one test being made at a humidity lower than standard. The flashover 
voltage for standard humidity shall then be determined by graphical interpolation 
along a smooth curve drawn through the three points determined by plotting the test 
results with flashover voltage and vapor pressure as coordinates. 

For the purpose of controlling humidity, a pin-type insulator and its support 
may be placed within an inclosure not less than 10 ft. (3.05 m.) cube. In the case of 
suspension insulators, the insulator or string and its support may be placed within 
an inclosure not less than three times the string length in any dimension, and in no 
case less than 10 ft. (3.05 m.) cube. 

Insulators under test shall be a 
surrounding air, 
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This is a Tentative Standard and under the Regulations of the Society is subject : 
annual revision. Suggestions for revision should be addressed to the Headquarters of t 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 
Scope 


1. ‘These methods cover the determination of insulation and volum 
resistance and approximate surface resistance of electrical insulating 


and surface resistivities. 


DEFINITIONS 


2. (a) Insulation Resistance-—The insulation resistance between tw 
electrodes which are fastened to or imbedded in a solid insulating materia 
or immersed in a liquid insulating material, is the ratio of the volta 
applied to the electrodes to the total current which flows between t! 
electrodes. 

(b) Volume Resistance-—The volume resistance between two electrode: 
is the ratio of the voltage applied to the electrodes to the current whid 


flows through the volume of the insulating material. Test 
(c) Volume Resistivity—-The volume resistivity is the resistanc: | 
between two electrodes which cover opposite faces of a centimeter cube B the 
provided the resistance of the surface layer is so high that it is not respon: " 
sible for any appreciable part of the current. ™ 
(d) Surface Resistance —The surface resistance between two electrodes 
is the ratio of the voltage applied to the electrodes to the current whic and 
flows through the surface layers. ; nts 
(e) Surface Resistivity —Surface resistivity is four times the resistané insu 
between two electrodes covering opposite faces of a cube when the volume ing 
resistance is so high that practically all of the current flows through the sepé 
These methods are in effect a tentative revision of and will supersede, when adopted as sentert i, ; 
Standard Methods of Test for Resistivity of Insulating Materials (A.S.T.M. Designation: rat} 


1936 Book of A.S.T.M. Standards, Part II, p. 1203. 
(1016) 


7 
{ 
| 
7 
| 
Fic. 1- 
| 


Tests FOR RESISTANCE OF ELECTRICAL INSULATION (D 257-37 T) 1017 


surface layers. This is equivalent to defining surface resistivity as the 
resistance between two opposite edges of a square of the surface layers. 


Nore 1 (Applicable particularly to solids).—In the definition of Insulation Resist- 
ance, the total current may consist of that which flows through a surface layer, that which 
fons through the volume of the material or, as is usually the case, a combination of the 
two. It is not practicable to make an accurate differentiation between surface leakage and 
volume leakage. ‘The methods contained herein, however, permit of an approximation 
adequate for all practical purposes. 


Note 2.—In the definitions of Insulation Resistance, Volume Resistance and Surface 
Resistance, the resistances are defined in terms of the current which is not a constant but 
depends on the time that the circuit has been closed. After the circuit is closed, the cur- 
rent often changes quite rapidly. For the purpose of tests conducted under these methods 
the current is measured at the end of 1 min. 


17 Foil or other Conductin 
tlectrodes, Material applied to Both Sides 
of the Specimen. In the Case 

of Tin toil, itis 
around Metal Bars. After the 
Bars have been mounted in 
Position, the Tin Forl 1s pressed 
down with a thin Tool along 

the Ldge of the Bar fo assure 
Intimate Contact with the 
/nsulation The Suggested 
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Fic. 2.—Application of Strip Electrodes to Flat, Solid 
Specimens. 
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Fic. 1—Application of Bind- 
ing Post Electrodes to 
Flat, Solid Specimens. 


Test SPECIMENS AND TYPES OF ELECTRODES 
A. For Solid Insulating Materials 


Test Specimen 


3. The test specimen for solid insulating materials shall be either in 
the form of a flat plate or a tube. 


Electrodes 


4. It is important that good contact be made between the electrode 
and the insulating material. For repeated tests at high relative humidities 
it is essential that the electrode metal be protected against tarnish. For 
insulation resistance determinations, the electrodes shown in Fig. 1 (bind- 
ing posts), Fig. 2 (metal strips) or Fig. 3 (tapered pins) shall be used. For 
“parating the insulation resistance into approximate surface resistance 
and volume resistance (from which approximate resistivities may be cal- 
culated) the guarded mercury electrodes (Fig. 4) are satisfactory though 
rather difficult to manipulate under abnormal atmospheric conditions. 
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TESTS FO! 

_ Electrodes for Volume and Surface Resistance Plectrodes 
. 5. When both the volume and surface resistances are to be measure) 7. Su 
there shall be applied to each specimen three electrodes designated, respec. qyncentti 
tively, as the unguarded electrode, the guarded electrode, and the guarj trodes sh 
electrode. In the case of a flat specimen, the guard electrode shall ly 0.2 in.). 
the form of a ring surrounding the guarded electrode as shown in Fig. 4 ver mil). 
Note.—In the case of a few non-absorbent materials such as hard rubber and pli current f 
the insulation resistance measurement may be considered a measurement of the suris ( 

_ resistance from which the surface resistivity may be calculated. Such assumptions are of 5 per 
undesirable, however, because they invariably lead to generalization at the expense Note 

_ accuracy. Consequently, the plain insulation resistance test should be used except fr HH s:itable. 
_ research purposes. ' Note 
(No.0 Tapered Pins 
use of the 
wher 


Fic. 3,—Application of Tapered Pin Electrodes to Solid Specimens. 


8. 
Rings Mercury Mercury tential, 
-Mercury reversil 
(b 
aS aS 
Fic. 4.—Application of Guarded Mercury Electrodes to Flat, Solid Specimens. may al 
consta 
(c 
B. For Liquid Insulating Materials asis c 
Sampling perm 
6. Samples of oil shall be obtained as described in Sections 2 to 7 of J sist 
the Standard Methods of Testing Electrical Insulating Oils (AS.T.M. § shoul 
Designation: D117) of the American Society for Testing Materials’ § 4 uni 
Samples of other liquid dielectrics shall be obtained in a similar manner J vhict 
with regard to cleanliness of containers and sampling apparatus and shall @ the g 
, be representative of the lot to be tested. The quantity of the sample ( 
depends upon the type of resistivity cell used, but in any case it shall be @ least 
_ sufficient to permit three separate resistivity determinations. i 


11936 Book of A.S.T.M. Standards, Part II, p. 1167. 
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Electrodes 


7, Suitable electrodes for liquid insulating material are parallel planes, 
sncentric cylinders, or coaxial cones. ‘The distance between the elec- 
trodes shall be not less than 0.75 mm. (0.03 in.) nor more than 5 mm. 
)2in.). The voltage gradient shall not exceed 1200 v. per mm. (30 v. 
yer mil). The area of the electrodes shall be sufficiently large so that the 
current flow can be measured, with the apparatus available, to an accuracy 
of 5 per cent. 


Note 1,—Electrode areas of 50 to 500 sq. cm. (7.7 to 77.5 sq. in.) should prove 
suitable. 

Note 2.—Because of the catalytic action of some metals on oils, the electrodes shall 
be plated with nickel, gold or platinum. 


Note 3.—If the shape of the electrodes is such that their effective area and the dis- 
tance between them is difficult to measure, the volume resistivity may be calculated by the 
use of the following formula: 


K = 367 X10"%XC 
where K = the constant by which the measured resistance is to be multiplied to 
give the volume resistivity, and 

C = the capacitance in farads of the electrode system with air as the dielec- 
tric. For methods of measurement of C, see the Tentative Methods 
of Testing Electrical Insulating Materials for Power Factor and 
_ Dielectric Constant (A.S.T.M. Designation: D 150-36 T) of the 

American Society for Testing Materials.! 


APPARATUS 
Apparatus 

8. (a2) The apparatus shall consist of a source of direct-current po- 
tential, a galvanometer with suitable shunts, a calibrating resistance, 
reversing switches and keys. ‘The apparatus shall conform to the require- 
ments specified in the following Paragraphs (b) to (e). 

(b) Direct-Current Potential—A dry or storage battery may be used 
as 4 source of potential. A rectified alternating-current voltage supply 
may also be employed, if precautions are observed to maintain a sufficiently 
constant direct-current voltage. 

(c) Galuanometer—The galvanometer shall have as high a sensitivity 
asis consistent with reasonable stability of zero. A sensitivity of 107 amp. 
per milliradian (1 mm. at 1-m. scale distance) is sufficient to measure 
tesistance as high as 10'' ohms with an accuracy of +10 per cent. It 
should be well damped. The most convenient shunt is the type known as 
4 universal or Ayrton shunt, whereby that fraction of the total current 
which passes through the galvanometer may be changed without changing 
the galvanometer damping. 

(4) Calibrating Resistance-—The calibrating resistance shall be at 
least 100,000 ohms. One megohm is preferable for ordinary measurements. 


(e) Switches and Keys.—All switches and keys shall be suitably in- 
‘ulated and guarded. 


Proceedings, Am. : 
Tentative ak. ae Mats., Vol. 36, Part I, p. 955 (1936); also 1937 Book of A.S.T.M. 
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Note 1.—If resistances higher than 10" ohms are to be measured, a ballistic o 
- quadrant electrometer method is often employed. ‘The latter method is described ip ; 
National Bureau of Standards Scientific Paper No. 234.1 Other methods of measyr: 
the minute currents flowing through these high resistances, employing vacuum tube electr 
eters,? are available and their use is permitted. 
Note 2.—A bridge method of measuring insulation resistances up to 10" ohms mz 
_ be used, if a high-resistance balance detector, such as a vacuum-tube voltmeter, is en, 
_ ployed, and the necessary guarding requirements are observed. 


MEASUREMENTS 


Measurements for Insulation Resistance 
eads 


9. The following measurements shall be made when insulation resi . 
resista 


ance is to be determined: 
(a) Dimensions of the electrodes (Figs. 1, 2 and 3), 
_(b) Distance between or spacing of the electrodes, 
-(c) The insulation resistance between the electrodes, 
(d) The temperature of the material under test (see Section 11 (a)), 
. t (e) The relative humidity of the surroundings (see Section 11 (a)), and 
_(f) Voltage used in measuring. 


7 Measurements for Volume and Surface Resistance 


10. The following measurements shall be made when both volume 
and surface resistance are to be determined by means of the specimen 
shown in Fig. 4: 


(a) Area of the guarded electrode, = — 
_(b) Distance between the guarded electrode and the guard electrode, 
7 (ce) The over-all insulation resistance, that is, the resultant of the 
surface and volume resistances, when the measurement is made with th 
guard electrode connected to the unguarded electrode, 
(d) The volume resistance, which is the resistance between the guarded 
electrode and the unguarded electrode when the guard electrode is mait- 
tained at substantially the same potential as the guarded electrode, 
(e) The temperature of the material under test (see Section 11 (4 
% f) The relative humidity of the surroundings (see Section 11 (4)), 
_(g) Voltage used in measuring, and 
(h) Thickness of the specimen. 


Note 1.—In the case of insulating oils it is often desirable to make measurements # 
an elevated temperature. ‘To determine the suitability of oil for commercial apparatus 
tests are usually made at 85 C. or 100 C., or both. 


1H. L. Curtis, “Insulating Properties of Solid Dielectrics," National Bureau of Standards Scientific Pape 
No. 234, Vol. 11, p. 364. < ” of Sti 

2D. B. Penick, “ Direct Current Amplifier Circuit for Use with the Electrometer Tube,” Review 
entific Instruments, Vol. VI, p. 113, April, 1935. vr -s~-o-- 
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— 
Conditioning 


11. (2) Determinations of insulation resistance of solid dielectrics 
shall be made only on specimens which have been kept for at least 96 hr. 
in air at a definite humidity and temperature. The specimen shall be kept 
in air at this humidity during the determination. The measurements 
shall be made without opening the humidity chamber. Where electrode 
leads pass through the walls of the chamber, care shall be taken to insure 
against current leakage at these points by suitable guarding or by passing 
leads through bushings of wax or other materials of exceptionally high 
resistance. 


9. per cc. 


oO 
Cc 
2 
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Relative Humidity, per cent. 
Fic. 5.—Relation of Relative Humidity of Air and Density of Acid-Water Mixture. 


(b) Humidity Control—The humidity may be readily maintained at 


any desired point by using a reasonably air-tight chamber in which a sul- 


luric acid - water mixture is exposed. The volume of the acid mixture 


shall be at least one-fiftieth of the volume of the chamber. The container 
for the mixture shall be an open vessel of such size that the area of the 
exposed liquid is at least three times as large as one side of a cube which 
would hold the required acid mixture. The density of the sulfuric acid - 
Water mixture to give any desired humidity is shown by the curve in Fig. 5. 
No material which absorbs moisture, other than the test specimens, shall 

allowed in the chamber. Provision shall be made for circulating the air 
and for maintaining the temperature constant. In case a lamp is placed 
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inside the chamber, the specimens should be shielded from direct radia. 
tion. A desiccator may be used for a constant humidity chamber pro- 
vided it can be kept where the temperature is constant. Saturated solutions 
of certain salts are also useful for maintaining constant humidity. Fo, 
example, over a range of temperatures from 20 to 80 C. a saturated solution 
of sodium chloride maintains a humidity very close to 75 per cent relative 
humidity. 


Method of Measuring Resistance 


12. The resistance may be measured by means of a galvanometer 
used as an ammeter. The galvanometer shall have a suitable shunt for 


Guard. specimen 
Guarded Electrode. 


-4-Calibrating 
Resistance 


battery 
Reversing 
Switch 


-Galvanometer 
| Reversing Switch 
Guard 
| 


Galvanometer 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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Fic. 6.—Diagram of Connections for Determinations of Insulation Resistance. 


increasing its range. Figure 6 shows the diagram of connections and 
guarding of circuits, which are suitable for use in measuring the insulation 
resistance of specimens of the types shown in Figs. 1, 2 and 3, or for the 
approximate separation of surface and volume resistance by means of the 
arrangement shown in Fig. 4. 


Insulation Resistance Determination 


13. (a) The insulation resistance required in Section 10 (c) shall be 
determined as follows: Connect the leads to adjacent terminals on the 
specimen. Set the universal shunt at the position of lowest galvanometer 
sensitivity, close the short-circuiting switch to “Test” and the battery 
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reversing switch to the desired polarity. Increase the shunt ratio until a 
readable deflection is obtained on the galvanometer. Read the deflection 
| min. after closing the reversing switch. Open the reversing switch and 
close the short-circuiting switch to “Short.” 

(b) The resistances required in Section 10 (c) and (d) shall be de- 
termined by the deflection method, using the completely guarded circuit 
Fig. 6) including the guard electrode on the specimen. The procedure is 
the same as that specified in Paragraph (a). In either case, if no appreciable 
deflection is obtained when the universal shunt is set at the position of 
maximum galvanometer sensitivity, the resistance is too high to be meas- 
ured without resorting to one of the methods mentioned in Note 1 under 
Section 8. 


Precautions 


14. (a) Mounting Specimens.—In mounting the specimens for meas- 
urement, it is important that there shall be no conductive paths between 
the electrodes except those through the specimen. For example, the 
specimens shown in Figs. 1, 2 and 3 shall be held by one or both edges so 
that no one of the electrodes touches the supports. 

(b) Measuring High Resistances.—In measuring high resistances by 
the set-up shown in Fig. 6, it is important that all parts of the apparatus 
between the guarded electrode and the battery terminal of the galvanom- 
eter shall be guarded, and adequately insulated from the guard. This 
applies also to key, Ky. The guard shall be sufficiently insulated from 
ground and from contact with the operator to prevent failure of the battery 
by leakage and danger of shock to the operator. Apparatus between the 
guarded electrode and the battery terminal of the galvanometer shall be 
sufficiently insulated from the guard so that the leakage shall not form an 
appreciable shunt on the galvanometer. This insulation resistance need 
be only 1 megohm. 

(c) Measuring Volume Resistance.—In measuring the volume resistance 
by the deflection method it is important that the current flow between the 
guarded electrode and the guard electrode shall be negligible. The current 
through the specimen divides between this path and that through the 
calibrating resistance and galvanometer with its shunt, and only the flow 
through the galvanometer is measured. In order that the error resulting 
from this source shall be less than 1 per cent, the insulation resistance 
between the guarded electrode and the guard electrode shall be more than 
100 times the combined resistance of the calibrating resistance and the 
galvanometer with its shunt. The key, Ke, which short circuits the cali- 
brating resistance when closed, makes it possible to reduce this error by 
reducing the ratio of the resistance of the galvanometer path to that of the 
insulation resistance between guarded and guard electrodes by a factor of 
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about 1000. If an appreciable change of deflection is seen when key K, j 
opened or closed, it is an indication that the leakage is large enough to } 
guarded against, and only the reading with key Kz closed should be used 
in calculating the volume resistance. 

(d) Calibration.—In calibrating, the specimen shall be short circuited 
by any convenient means, and with the same voltage applied that was 
applied to the specimen, the galvanometer deflection produced shall } 
read when only the calibration resistance is in series with it, using a suitabl 
shunt ratio. 


CALCULATIONS q 
Volume Resistance 


15. If the calibrating resistance has a sufficiently high value, and a 
suitable universal shunt is provided, the resistance of a specimen may b 
easily compared with the calibrating resistance. The shunt setting may 
be represented by a fractional ratio, s, in negative powers of ten, or by a 
multiplying factor, f, in positive powers of ten. In the former case, when 
measuring the specimen, call the shunt ratio, S, and the galvanometer 
deflection, d. Let the galvanometer deflection observed during calibration 
(Section 14 (d)) be represented by, D, and the corresponding shunt ratio 
by, S; then if the calibrating resistance has a value, M, the resistance of 
the specimen, R, may be calculated from the following formula: 


Or, if the shunt setting is given in multiplying factors, the formula becomes 


where /' = the shunt setting for the calibrating resistance, and 
f = the shunt setting for the specimen. 

If the calibrating resistance is so small that the battery will give too 
large a deflection of the galvanometer with the smallest shunt ratio (or 
largest multiplying factor), it is then necessary to calibrate by means of a 
low-voltage battery. ‘The same measurements shall be made as in the 
previous cases, but it is now necessary to know the voltage of the calibrating 
battery, E, and of the measuring battery, e. Then: 
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Insulation Resistance 


16. The insulation resistance is the resistance as measured between 
any two adjacent binding posts of Fig. 1, between any two adjacent metal 
rips of Fig. 2, or between the tapered pins of Fig. 3. This value should 
be expressed merely as “insulation resistance.”” Where it is a certainty 
that the leakage is confined entirely to the surface, results so obtained may 
be converted to surface resistivity in terms of “surface resistance per 
square” by using the following relation for the disks: 


R’ 4 


where R’ = twice the measured resistance, 
d = the distance between the centers of the disks, 
r = the radius of the disks, and 
L, = the natural logarithm. 
If d has a value between 37 and 4r the following approximate formula 
mayybeused: 


In the case of the metal strips the surface resistance per square may 
be calculated by the following formula: 
(7) 
L 
where X” = twice the surface resistance as measured, 
b = the average length of the electrodes, and 
L = the distance between the electrodes. 


Volume Resistivity 


17, The volume resistivity, p, shall be calculated from the following — 
formula: 


where R = the volume resistance as measured with the specimen shown 
in Fig. 3 in accordance with Section 10 (d), 


A = the area of the guarded electrode, and 
L = the average thickness of the specimen. 
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Surface Resistance 


18. (a) The surface resistance may be calculated from the measur: 
ton made with the specimen shown in Fig. 3 in accordance with & 


tion 10 (c) and (d). This is by far the most reliable method. The forn 
for calculating the surface resistance is as follows: 


where R’ = the surface resistance, 
R, = the over-all resistance, Section 10 (c), and 
R = the volume resistance, Section 10 (d). 


(b) Surface Resistivity—The surface resistivity shall be calcula 
from the surface resistance as follows: _ 


eee eee eee ee 


= the surface resistivity, 
the surface resistance, 
the average circumference of the guarded electrode and of th 
inner edge of the guard electrode, and 
L = the distance between the electrodes. 
Report 


19. The report shall include the information indicated in the followin 

_ Paragraphs (a), (d), (e), (f), (g) and (h) and may include t the items in Par: 
graphs (6) and (c): 

(a) The over-all insulation resistance in ohms, 
_(b) The volume resistivity in ohm-cm. units, 

(c) The surface resistivity in ohms, 
_(d) The temperature in degrees Centigrade, 
_(e) The percentage relative humidity, 

(f) Time of exposure to that humidity, 
_(g) The voltage used when other than the specified voltage, : and 
_ (hk) The type of electrodes. 
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TENTATIVE METHODS OF TESTING SHEET AND PLATE 
MATERIALS USED IN ELECTRICAL INSULATION: 


A.S.T.M. Designation: D 229-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject - 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssvED, 1925; REVISED, 1926, 1928, 1930, 1931, 1932, 1934, 1935, 1936, 1937.2 _ 
Scope 

1. These methods are intended to apply to stiff, flat sheet and 
plate materials, such as phenolic and other types of laminated sheets, ’ 
vulcanized fiber, hard rubber, asbestos composition board, etc., to 
be used as electrical insulation. 


Definition of Terms 


2. In referring to the cutting of the specimens and the application , 
of the load, the following definitions apply: 
Flatwise—Load applied to the flat side of the original sheet f 


or plate. 

Edgewise.—Load applied to the edge of the original sheet or — 
plate. 

Lengthwise—In the direction of the length of the sheet. 

Crosswise.—In the direction at right angles to the length of 7 
the sheet. 


Notg.—When the sheet has the same length and width, one dimension shall 
arbitrarily be designated as the length, and the other as the width. 


TENSILE STRENGTH 
Apparatus 
3. Any standard type of testing machine may be used. The 
machine shall be accurate to within 1 per cent on the lowest load for 
which it is used. Jaws which tighten under load, such as wedge grip 
jaws, shall be used with the specimen properly aligned. 


Specimens 


4. Tension test specimens shall conform to the dimensions sell 


in Fig. 1. The surfaces of the specimen shall be smooth and free from 
scratches. 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of 
the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 


* Latest revision accepted by Committee E-10 on Standards, August 26, 1937. 
66 (1027) 
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Procedure 
5. Five specimens cut lengthwise and five specimens cut crosswise 


of the sheet shall be tested. 


6. All tests shall be made at normal room temperature of about 
20°C. (68° F.). 
_ Speed of Testing Machine 

7. The cross-head speed of the testing machine shall be such that 


_ the load can be accurately weighed, but shall not exceed 0.05 in. per 
minute when the machine is running idle. 


3 Thickness C 


| 


When Cis less thangin., Aistin., Bis jin, D is 0,857") E is 3.964 in. 
When Cis din. or over, Ais lin. Bislzin, Dis1.199", E is 4.648 in. 


Fic. 1.—Tension Test Specimen for Laminated Sheet Insulating Materials. 


Modulus of Elasticity 
8. When it is desired to determine the elongation under load, a 
suitable extensometer measuring the elongation on a 2-in. gage length 
shall be used. The cross-head speed of the testing machine shall not 


exceed 0.03 in. per minute when the machine is running idle. 


Procedure 
9. The total change in length between zero load and a stress of 
- 5000 Ib. per sq. in. shall be determined. 


Report 
10. The report shall include the following: 
(2) The direction in which the specimen was taken, whether 
lengthwise or crosswise of the sheet. oe ae 
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(b) The thickness and width of each specimen in inches 
expressed to the nearest 0.001 in. or in centimeters expressed to the 
nearest 0.025 mm. 

(c) The breaking load of each specimen, in pounds or kilo- 
grams. 

(d) The tensile strength of each specimen, in pounds per 
square inch or in kilograms per square centimeter. = 

(e) The location and nature of the fracture. 

(f) The elongation in inches at a stress of 5000, Ib. per sq. 
in., if determined. 

(g) The room temperature. 


FLEXURAL STRENGTH 
(FORMERLY CALLED TRANSVERSE STRENGTH) 


(A) For Materials }, in. or Over in Thickness! 

Apparatus 

11. (2) Any standard type of testing machine may be used. The 
machine shall have an accuracy of at least 1 per cent of the lowest load 
for which it is used. 

(6) The specimen shall be tested as a simple beam loaded at 
the center. ‘The supports shall have contact edges rounded to a 
radius of % in. for material 34 in. or over in thickness, and to a 
radius of 7g in. for thinner materials. For material thinner than 
} in. both supports shall be provided with a pin or other stop to 
align one side of the specimen perpendicular to the line of contact 
with the supports. The distance between the points of support 
shall be 4 in. for edgewise tests of all thicknesses and eight times 
the nominal thickness of the material to be tested for tests in the 
flatwise direction, except that the minimum span shall be 3 in. 
Specimen 

12. The test specimen shall be 3 in. in width except for specimens 
over 3 in. in thickness tested in the flatwise direction, which shall have 
the width equal to the thickness of the specimen. The thickness shall 
be the full thickness of the sheet. The length shall be 1 in. greater than 
the distance between the points of support as specified in Section 11 (6). 


Procedure 


13. The specimens shall be tested as follows: 
(a) Five specimens cut lengthwise of sheet, tested flatwise. 
(b) Five specimens cut lengthwise of sheet, tested edgewise. 


‘Conventional flexure tests in a flatwise direction are not recommended for materials thinner than 
tr in. nor in the edgewise direction for materials thinner than } in. e - Se 
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_ (c) Five specimens cut crosswise of sheet, tested flatwise. 
(d) Five specimens cut crosswise of sheet, tested edgewise. 
Temperature of Tests 


14. All tests shall be made at 
20° C. (68° F.). 


Speed of Testing Machine 


15. The cross-head speed of the testing machine shall be such that 
the beam of the machine can be kept balanced, but shall not exceed 


0.05 in. per minute when the machine is running idle. 


Report 


16. The report shall include the following: _ 
(a2) The directions of cutting and loading of the specimen as 


specified in Section 13. 


(6) The thickness and width of each specimen in inches 
expressed to the nearest 0.001 in. or in centimeters expressed to the 
nearest 0.025 mm. 


(c) The breaking load of each specimen in pounds or kilo- 


grams. 


(d) The maximum fiber stress in pounds per square inch or 
kilograms per square centimeter calculated from the formula: 


3 Pl 
2 bd? 


where S = maximum fiber stress; 
P = breaking load in pounds or kilograms; _ 


| = distance between supports in inches or centimeters; 


b = width of specimen in inches or centimeters; 


d = depth of specimen in inches or centimeters. | 


(e) The room temperature. 


Apparatus 


17. Any standard testing machine may be used provided it is 
accurate within 1 per cent of the lowest load for which it is used. 
One end of the specimen shall bear upon an accurately centered 
spherical bearing block, located whenever practicable, at the top, and 
the metal bearing plates shall be directly in contact with the ends 


COMPRESSIVE STRENGTH 


of the test specimen. 


Specimen 


18. (a) For sheets 1 in. in thickness or over, the test specimen 

shall be a“1-in. cube, the faces of which shall be flat and perpen- 

dicular to the axes, being ground to this condition if necessary. — 
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(b) For sheets less than 1 in. in thickness, the specimen shall 
consist of a pile of sheets 1 in. square with a minimum number of 


layers to produce a height of at least 1 in. OS 
Procedure 


19. (a) For sheets 1 in. in thickness or over, three specimens 
shall be crushed in the condition in which they are received with 
the load applied flatwise, three specimens with the load applied 
edgewise-lengthwise of the sheet and three specimens with the load 
applied edgewise-crosswise of the sheet. 

(b) For sheets less than 1 in. in thickness, three specimens 
shall be crushed in the condition in which they are received with 
the load applied flatwise of the sheet. 

20. The load shall be applied on the ends of the specimen and 
the crosshead speed of the testing machine shall be such that the 
load can be accurately weighed but shall not exceed 0.050 in. (1.27 
mm.) per minute when the machine is running idle. For the best 
results use the slowest possible speed. 


Report 

21. The report shall include the following: 

(2) The dimensions of each specimen in inches expressed to the 
nearest 0.001 in. or in centimeters expressed to the nearest 0.025 mm. 

(b) The direction of application of the load; 

(c) The load on each specimen in pounds or kilograms at the 
first sign of failure; 

(d) The ultimate compressive strength in pounds per square inch 
or kilograms per square millimeter, of each specimen, calculated from 
the area of each specimen measured before the load is applied; 

(e) The general character of the material tested; with a descrip- 
tion of how it acts under the applied load. 


RESISTANCE TO IMPACT 
Impact Test 


22. (a) Resistance to impact shall be determined in accordance 
with the Tentative Methods of Testing Electrical Insulating Materials 
for Resistance to Impact (A.S.T.M. Designation: D 256-34 T) of 
the American Society for Testing Materials.’ 


Specimen 


(b) Specimens for the Charpy test may be sehen or unnotched, 
as desired, according to conditions of service, and for the Izod test 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 995 (1934); also 1937 Book of A.S.T.M. 
Teatative Standards, p. 1023. 
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shall be notched (Note 1). Specimens shall be cut both lengthwise 
and crosswise of the sheet (Note 2). 


Nore. 1.—The unnotched specimen gives a higher strength than the notche 
specimen and the ratio of the strength of the unnotched specimen to that of th 
notched specimen varies with different materials. 


Note 2.—Conditioning of the specimens of vulcanized fiber is necessary in 
order to secure consistent results. ‘The procedure for conditioning is under con. 
sideration by the committee. In order to secure comparative results, the specimens 
should be conditioned at the same temperature and humidity. 


WATER ABSORPTION TESTS 
Scope 

23. The water absorption tests are intended to determine the 
rate at which water is absorbed by the material when immersed, the 
total quantity absorbed at saturation, and the volatile content as 
received. 


Note.—The electrical properties of different materials are not necessarily 
affected to the same extent by the same increase in moisture content so that the 
water absorption test must be correlated with the desired electrical tests. 


The water immersion test and exposure to air of high humidity are not always 
directly compafable and should be considered before substituting one for the other. 


(A) Rate of Absorption 
Specimen 

24. The test specimen shall be 3 by 1 in. by the thickness of the 
material. It shall be sawed or sheared from the sample so as to have 
smooth edges free from cracks. The cut edges of all test specimens 
shall be finished with No. 0 or finer sandpaper or emery cloth. Saw- 
ing and sandpapering operations should be slow enough so that the 
material is not heated appreciably. The thickness in inches to the near- 
est 0.001 in. shall be measured on the original specimen at the center. 


Procedure 


25. To determine the rate of absorption, two specimens shall be 
tested individually as follows: 

(2) The specimen shall be weighed, dried in an oven for 1 hour at 
from 105 to 110° C., cooled in a desiccator and immediately re-weighed. 
The difference between the original weight and the dry weight shall 
be recorded as loss in weight on drying. The percentage loss in weight 
shall be calculated on the original weight. 

(6) The dried specimen shall then be immersed in distilled water 
maintained at a temperature of 25° C. + 2° C. (77° F. + 3.6° F) 
throughout the test. At the end of 2 hours the specimen shall be 
removed from the water, the surface water wiped off with a dry cloth 

and the specimen weighed immediately and then replaced in the water. 
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If the specimen is ?g in. in thickness or less it shall be weighed in a 
weighing bottle. ‘The difference between the weight of the wet speci- 
men and that of the dry specimen shall be recorded as the weight of 
water absorbed in 2 hours. The percentage of water absorbed shall 
be calculated on the weight of the dry specimen. 

(c) After 24 hours immersion the specimen shall again be removed 
from the water, the surface water wiped off with a dry cloth and the 
specimen weighed. The difference between the weight of the speci- 
men after 24 hours immersion and the weight of the dry specimen 
shall be recorded as the water absorbed in 24 hours. ‘The percentage 
of water absorbed shall be calculated on the weight of the dry speci- 
men. If the individual 24-hour absorptions differ by more than 
10 per cent from the average absorption of the two specimens the 
test shall be repeated. 


Report 

26. The report shall include the values for each of the two speci- 
mens and the average values as follows: 

(a) The thickness of the specimen before the test, to the nearest 
0.001 in.; 

(6) The percentage loss in weight on drying calculated on the 
original weight; 

(c) The percentage of water absorbed in 2 hours and in 24 hours 
calculated on the dry weight. 


a (B) Total Absorption at Saturation _ 
Specimen 


27. (a) The test specimen shall be 3 by 1 in. by the thickness 
of the material. It shall be sawed or sheared from the sample so 
as to have smooth edges free from cracks. ‘The cut edges of all test 
specimens shall be finished with No. 0 or finer sandpaper or emery _ 
cloth. Sawing and sandpapering operations should be slow enough ~ 
so that the material is not heated appreciably. The thickness in 
inches measured to the nearest 0.001 in. shall be measured on the 
original specimen at the center and on the reduced specimen in case 
a reduced specimen is used (see Paragraph (6)). 

(b) When the sample for determining total absorption is so thick 
that too long a time is required for saturation using the full thickness, — 
the thickness may be reduced as follows: The sample shall be machined 
to a thickness of about 2& in., both surfaces parallel to the laminations 
being machined off. This may readily be done with a smooth-cut | 
circular saw. It shall then be sanded to jx in. in thickness, finishing — 
with No. 0 or finer sandpaper. While the sanded surfaces of the 
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sample should be approximately parallel with the laminations, the 
thickness may vary +0.010 in., since the object is to provide com- 
parable specimens which will reach saturation in a reasonable time, 
The machined and sanded sample shall then be cut into specimens 


3 by 1 in. and the edges sanded. OS _ 
Procedure 

. 28. To determine the total water absorption at saturation, two 
© specimens shall be tested individually as follows: 

(a) The specimen shall be weighed, dried in an oven for 1 hour 
at from 105 to 110° C., cooled in a desiccator and immediately re- 
weighed. The difference between the original weight and the dry 
weight shall be recorded as loss of weight on drying. The percentage 
loss in weight shall be calculated on the original weight. 

(b) The dried specimen shall then be immersed in distilled water 
at a temperature of from 20 to 30° C. At the end of 24 hours the 
specimen shall be removed from the water, the surface water wiped 
off with a dry cloth and the specimen weighed immediately and then 
replaced in the water. The weighings shall be repeated every day 
for the first week and every week thereafter until the increase in 
weight, as shown by three consecutive weighings, averages less than 
1 per cent of the total increase in weight, when the specimen shall 
be considered to be saturated. 

(c) The difference between the saturated weight and that of the 

dry weight shall be considered as the water absorbed at saturation. 


The percentage of water absorbed shall be calculated on the dry 
weight of the specimen. 
Report 
29. This report shall include the values for each of the two 
specimens as follows: 


(a) The original thickness of material, measured to the nearest 
0.001 in.; 


(b) If a reduced specimen is used, the thickness measured to the 
nearest 0.001 in.; 


(c) The percentage loss in weight on drying, calculated on the 

4 original weight; 
(d) The percentage of water absorbed at saturation, calculated 
_ on the dry weight. 


(C) Volatile Matter 


Specimen 


30. The test specimen shall conform to the requirements speci- 
in Section 12. 
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Procedure 

31. To determine the volatile matter, two specimens shall be 
tested individually as follows: 

The specimen shall be weighed, dried in an oven at from 105 to 
110° C. until the decrease in weight as shown by two consecutive 
weighings at least 24 hours apart is less than 1 per cent of the total 
decrease in weight. The difference between the original weight and 
the dry weight shall be recorded as the volatile matter present in the 
specimen as received (this includes in addition to water any volatile 
solvent left during manufacture). The percentage of volatile matter 
shall be based on the weight of the dry specimen. __ 


Report 

32. The report shall include the values for each of the two speci- 
mens as follows: 

(a) The original thickness of the material measured to the nearest 
0.001 in.; 

(b) The percentage of volatile matter, based on the weight of the 
dry specimen. 


Dielectric Strength 


the Tentative Methods of Testing Sheet, Tape, and Molded Insulating 
Materials for Dielectric Strength (A.S.T.M. Designation: D 149- 
36 T) of the American Society for Testing Materials.' 


PHASE DIFFERENCE (POWER FACTOR) AND DIELECTRIC | 
CONSTANT 
Dielectric Constant 


34. The phase difference and dielectric constant shall be deter- 
mined in accordance with the Tentative Methods of Testing Electrical 
Insulating Materials for Power Factor and Dielectric Constant 


(A.S.T.M. Designation: D 150-36 T) of the American Society for | 
Testing Materials.? 


33. The dielectric strength shall be determined in accordance with , 


= 


BONDING STRENGTH 
: For Laminated Materials % in. or Over in Thickness 
Apparatus 


35. Any standard type of testing machine may be used, providing 
it is accurate within 1 per cent of the lowest load for which it is used. 
To this shall be fitted a head containing a 10-mm. steel ball. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part * p.- 918 (1936); also 1937 Book of A.S.T. M. 
Ten ntative Standards, p. 1002. 


" * Proceedings, pan, ee: Testing Mats., Vol. 36, Part I, p. 955 (1936); also 1937 Book of A.S.T.M. - 
entative Standards, p. 1069. 
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Specimens 


36. Test specimens shall be 1 in. square, smoothly and accurately 
cut on a smooth saw. 


Procedure 


37. Five specimens shall be mated. - These shall be placed on 
edge and the steel ball shall center accurately between the edges and 
ends of the specimen. 


Temperature 


38. All tests shall be made at normal room temperature of about 
20° C. (68° F.). 7 


Speed of Testing Machine 


39. The speed of the ¢ cross- s-head of the testing machine shall be 
such that the load can be accurately weighed, but shall not exceed 
0.05 in. per minute when the machine is running idle. i. 


Report 


40. The report shall include the following: _ 
(a) the thickness of the material; and 
(b) the load, expressed in pounds or kilograms, required to 
split the specimen. 


ROCKWELL HARDNESS 
Apparatus 

41. (2) The Rockwell hardness tester shall be used, conforming 
to the requirements of the Standard Methods of Rockwell Hardness 
Testing of Metallic Materials (A.S.T.M. Designation: E 18) of the 
American Society for Testing Materials." 

(b) The readings shall be taken on the red scale and shall be 
recorded as follows: Count the number of times the needle passes 
through zero on the red scale on the application of the major load. 
Subtract from this the number of times the needle passes through 
zero upon the removal of this load. If the difference is zero, the 
reading shall be recorded as over 100. If the difference is 1, the 
reading shall be recorded as between 0 and 100 and, if the difference 
is 2, the reading shall be recorded as negative. 


Specimen 


42. (a) The specimen shall have a minimum thickness of } 
The specimen may be composed of a pile-up of several pieces of a 
material of the same thickness, providing that precaution is taken 
that the surfaces of the pieces are in contact and not held apart by 
burrs from saw cuts, etc. ‘The area of the specimen shall be | 1. 
square if cut from sheet stock or other shape of at least this area. 
11936 Book of A.S.T.M. Standards, Part I, p. 824. 
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(b) Care shall be taken that the test is not made so near the 
edge of the specimen that it will break out when the major load is 
applied. 

(c) The specimen shall be supported in such a manner as to 
prevent errors due to overhang, when it does not balance itself on 
the anvil. 

(d) All tests shall be made at a temperature of 25 C. + 2 C. 
77 F. + 3.6 F.). 

Note 1.—It should be noted that some materials such as laminated phenolic 


plates show an appreciable variation in the Rockwell hardness with variation in 
temperature as small as 8° C. (15° F.). 


Note 2.—Conditioning of the specimens of vulcanized fiber is necessary in | 
order to secure consistent results. The procedure for conditioning is under con- 
sideration by the committee. In order to secure comparative results, the specimens 
should be conditioned at the same temperature and humidity. 


Procedure 


43. (a) The procedure outlined in the Standard Methods FE 18! 
shall be followed. The adjustment of speed of load application and the 
time of application of the major load are of great importance. The 
machine shall be so adjusted that the major load will be fully applied 
in from 6 to 8 seconds as a longer time will give an erroneous result 
due to “creeping” of some materials. It is important that the major 
load be released immediately after it has been fully applied. 

(b) For phenolic laminated sheets, a j-in. ball penetrator, a 
minor load of 10 kg. and a major load of 100 kg. shall be used in 
connection with the red scale. This combination is known as the 
M scale. 

(c) For vulcanized fiber, a }-in. ball penetrator, a minor load of 
10 kg. and a major load of 60 kg. shall be used. ‘This combination is 
known as the R scale. The major load shall be removed within 
seven to eight seconds after the handle has been tripped. 

Report 


44. The report shall include the following: 

(a) The Rockwell hardness number read on the red scale, the 
major load and the diameter of the penetrator. The letter M shall 
precede the Rockwell hardness number for phenolic laminated sheets 
and the letter R shall precede that for vulcanized fiber. 

(6) The total thickness of the specimen; 


(c) The number of pieces in a specimen and their average thick- 7 
hess, and 


d) The room temperature. 
+1936 Book of A.S.T.M. Standards, Part I, p. 824. 
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DENSITY (VULCANIZED FIBER) 


Density on 

45. (a) Fiber 0.020 in. or less in Thickness.—For vulcanized fiber and My 
0.020 in. or less in thickness the specimen shall be dried in an oven for 2 br - 

at 105 to 110 C. It shall then be weighed on a chemical balance accurat, 

to 0.25 per cent. ‘The thickness shall be determined after drying. The i 

Speci 

apparent density shall be calculated from the thickness and the weight by 5 

means of the following formula: wiies 

Apparent Density, Weight g. per sq. cm. ) 

g. per cu. cm. Thickness, in. : 

(b) Fiber over 0.020 in. in Thickness.—The density of vulcanized fiber weigh 
over 0.020 in. in thickness shall be determined with any suitable weight- than 

difference apparatus for making readings in water and air using the spec 

men as received. : ignite 

ASH (VULCANIZED FIBER) trans 

Specimen shall 

46. The test specimen shall consist of 2 to 5 g. of finely divided particles, of tl 

such as millings or filings, of the vulcanized fiber. 7 slow 

wate 

Procedure wast 

47. The test specimen shall be dried for 2 hr. at 105 C., weighed, then fron 

ignited to constant weight in a crucible and weighed. The percentage of weis 

ash shall be calculated, based on the weight of the dried specimen. add 

shal 

ZINC CHLORIDE (VULCANIZED FIBER) pre 

Specimen as 


48. The test specimen shall consist of 5 g. of finely divided particles, 
such as millings or filings, of the vulcanized fiber. 


Procedure 
49. (a) The test specimen shall be dried at 105 to 110 C. to constant 7 
weight or until two successive 30-min. weighings show a loss not greater 
; than 0.2 per cent of the weight of the specimen. Ap 
(b) The dried specimen shall be placed in a Soxhlet, Wiley-Richardson, 
or similar type of extractor and extracted with distilled water for 3 hr. 
The rate of extraction with the Wiley-Richardson size of extractor must W 
_be sufficient to cause the tube containing the sample to be filled by conden- T 
sation and emptied by the siphon at least six times per hour. When the or 
Soxhlet or similar size extractor is used the tube must be filled and emptied 
at a rate of at least 3 cycles per hour. After this extract has cooled, 0.5 ml. h 
of potassium chromate solution (10 per cent) shall be added and the extract 
titrated with standard silver nitrate solution. The end point is indicated \ 


by the appearance of a permanent red color. A blank test shall be made 


— 
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on an equal volume of distilled water and potassium chromate solution 
and the result shall be subtracted from that of the specimen. ‘The net 


result shall be calculated in terms of zinc chloride. oe 


SILICA (VULCANIZED FIBER) 
Specimen 
50. The test specimen shall consist of 5 g. of finely divided particles, — 


such as millings or filings, of the vulcanized fiber. 


Procedure 

51. (a) The test specimen shall be dried at 105 to 110 C. to constant _ 
weight or until two successive 30-min. weighings show a loss not greater 
than 0.2 per cent of the weight of the specimen. 

(b) The dried specimen shall be transferred to a crucible and slowly 
ignited to constant weight. The ash shall be wet with distilled water and 
transferred to a heat-resistant glass beaker. About 75 ml. of HCI (sp. gr. 1.19) 
shall be added and the beaker covered with a watch glass. The contents 
of the beaker shall be evaporated to dryness. ‘To the residue shall be 
slowly added 10 ml. of HCl (sp. gr. 1.19) followed by 75 ml. of distilled 
water. The mixture shall be filtered through ashless filter paper and 
washed with cold water, then with warm water until the filtrate is free 
from chlorides. ‘The filter paper shall be ignited to constant weight in a 
weighed platinum crucible. ‘Then, 4 ml. of HF (48 to 60 per cent) shall be 
added and heat applied until all white fumes are driven off. The crucible 
shall be cooled and weighed. ‘The difference between this weight and the 
previous one indicates silicon present as silica. The results shall be expressed 
as a percentage of the weight of the dried specimen. ~ 

FLAMMABILITY 

Scope 

52. This test is intended to evaluate the tendency of the material to 
burst into flame under the continuous application of heat. 


Apparatus 

53. The apparatus shall consist of the following: | 

(a) Shielding Box.—A shielding box, made either of metal or wood, in 
which the test is conducted for the purpose of warding off air currents. 
This box shall be 12 by 24 in. by 16 in. in height and shall contain no front 
or top. 

(6) Resistance Wire.—Seven feet of No. 30 B. & S. gage nichrome wire 
having a resistance of 6.75 ohms per foot +5 per cent. 

(c) An electrical connection for alternating or direct current of 110 v. 
Where necessary, the voltage may be brought to this value with a rheostat. 

(¢) A stop watch, voltmeter, and stand clamp. 
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Specimen 

54. (a) The test specimen shall be smooth-sawed from sheets | 
dimensions of § in. +0.005 in. by 1 in. +0.005 in. by 8 in. ‘The edges oj 
the specimen shall be notched by a milling machine. ‘The notches shall } 
rectangular, 3'; in. in depth and 0.015 in. in width, and shall be spaced 
10 notches to the inch. Binding posts shall be fastened at each end of th 
specimen. ‘The resistance wire shall be wound firmly about the specim 
into the notches, and the ends shall be fastened to the binding posts. 

(b) The test specimens shall be conditioned for 24 hr. at 105 ¢ 
before test. 

(c) Five specimens shall be tested. . 


Procedure 

55. The shielding box shall be placed within a hood. ‘The specimens 
shall be mounted on the stand clamp in a horizontal position with the 
laminations in a vertical position inside the box. The front of the hood 
shall be lowered to within 2 in. of the bottom. ‘The starting switch shall be 
snapped on and at that instant the stop watch started. Te current shall 
be adjusted to the specified voltage and when the sample bursts into flame 
the watch shall be stopped and the time interval from the beginning of the 
test shall be recorded. 


Report 
56. The report shall state the number of seconds required for the 
specimen to burst into flame. 
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TENTATIVE METHODS OF TESTING SHELLAC USED FOR 
ELECTRICAL INSULATION! 
A.S.T.M. Designation: D 411-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935; REVISED, 1937. 
_ These methods cover tests for shellac in the dry or powdered ee 
to * used for electrical insulating purposes. 


SAMPLING AND CHEMICAL TESTS OO 
General Tests 


2. Each of the following tests shall be made in accordance with the 
methods described in the Standard Methods of Sampling and Testing 
Shellac (A.S.T.M. Designation: D 29) of the American Society for Testing 
Materials :? EEE 

(a) Sampling. 

(b) Insoluble Matter. 

(c) Iodine Number. 

(d) Moisture Content. 

(e) Wax (Method B). 

(f) Ash 


a 


POLYMERIZATION ‘TIME 
Apparatus 


3. The apparatus required for the test for polymerization time shall 
consist of the following: 

(a) Test Tubes—Two 3-in. glass* test tubes, supported by a wire rack 
toa depth of 4 in. when placed in an oil bath. It is essential that the test 
tubes be supported and maintained in a vertical position. ‘The rack shall 
be so constructed as to permit free circulation of oil around the test tubes. 

(b) Oil Bath—An oil bath of such construction as to permit of main- 
taining a uniform test temperature within 1 C. It is essential to use a 
mechanical stirring device in the oil bath to maintain a uniformly distributed 


'Under the Standardization procedure of the Society, these methods are under the jurisdiction * the 
- - Committee D-9 on Electrical Insulating Materials. 
1936 Book of A.S.T. M. Standards, Part II, p. 760. 

yrex or quartz glass is satisfactory for this purpose. 
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temperature. ‘The oil used shall be a mineral oil having a Saybolt Univers, 
viscosity of approximately 150 sec. at 100 C. 

(c) Burner.—A bunsen burner for heating the oil bath. 

(d) Glass Rod.—A smooth glass rod 5 mm. in diameter. A smal 
mark or indicator shall be placed on top of the rod or the glass formed-over 
to facilitate readings as outlined in Section 6 (d). The sides of the glass 
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rod, near the end which is immersed in the shellac, shall be flattened slightly, (e) 
(e) Thermometer.—A suitable thermometer to indicate the test tem. [ The ave 
perature. 
Polymer, 
Conditioning 
4. (2) Samples of shellac before testing shall be rolled and mixed well Band inc 
on clean paper and then carefully dried as described in Paragraph (). slass 10 
(6): A flat-bottomed dish, about 4 in. in diameter containing a 5-g. ° 
sample of shellac, shall be placed in a well-ventilated gas or electric oven [ Rept 
at a temperature of 41 C. + 2 C. for approximately 16 hr. (or overnight). 8. 
It is essential to have the sample spread out on the dish during the drying (a 
period. (b, 
(c) After drying, the sample shall be transferred immediately to a (¢ 
clean, dry bottle, and stoppered tightly, allowing it to cool in the bottle. 
The bottle shall not be opened except when a specimen is being removed , 
fortes. 
9, 
Specimen subjec 
5. (a) Each specimen shall consist of 2 g. of the shellac taken from the ( 
stoppered bottle. gradu 
(b) Two specimens of each shellac sample shall be tested. maint 
Procedure 
6. (a) A specimen of shellac shall be transferred from the stoppered 7 
bottle to the {-in. glass test tube. The tube shall then be inserted and P 
held securely in a vertical position in the test rack placed in the oil bath | 
maintained at the specified test temperature. ‘The temperature shall be et 
maintained throughout the test within +1 C. of the desired temperature. a 
7 Note.—The method is suitable for testing at any temperature between 125 and 225 C. Appa 


(b) The time when the test tube enters the oil bath shall be recorded. 

(c) Using the 5-mm. glass rod, the specimen shall be stirred gently 
for the first 3 min. of the test so that the shellac becomes well melted in as 
short a time as possible. It is essential that there be no stirring after the 
first 3-min. period. 

(d) At the end of each minute thereafter the glass rod shall be given 4 
slight twist (turning approximately 90 deg.). In the early stages of the 
test, and before the polymerization point is reached, the glass rod will 
remain in the position to which it has been turned. When, however, the 
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shellac takes on a rubbery set, there will be a definite turning or twisting 
back of the rod following the 90-deg. twist. This is the end point. (In the 
arly stages of the test there may be a tendency for the glass rod to move 
back slowly after twisting with the fingers. This slight movement should 
sot be confused with the definite “twist-back”’ observed when the end point 
is reached.) 

(ec) The temperature shall be recorded each minute during the test. 
The average of all these readings shall be considered the test temperature. 


Polymerization Time 

7. The elapsed time in minutes, from the time cf entry into the bath 
and including the 3-min. stirring period, until the first “‘twist-back” of the 
slass rod is noted, shall be recorded as the “polymerization ™“ 


Report 
8. The report shall include the following: 
(2) The polymerization time to the nearest minute for each specimen. 
()) The average of the values in Paragraph (a). 
(c) The test temperature. 


FLrow TEst 
Scope 

9. (2) This method is intended to determine the flow of shellac when 
ibjected to a definite temperature under the conditions of test indicated. 

b) The method consists in melting a sample of ground shellac in a 
graduated test tube and then tilting the tube to a definite angle while 
maintained at a stated temperature in order to permit the shellac to flow 

wn the tube. 

c) The test provides for two methods, as follows: 

Method A.—In this method the time required for the shellac to flow 
specified distances along the test tube is observed. 

Method: B.—In this method the total distance the shellac flows along 
the test tube in a specified time is observed. 


Apparatus 


10. (a) Method A.—A suitable form of testing apparatus for use in 
Method A is shown and described in the Appendix. 

b) Method B.—A suitable form of testing apparatus for use in 
Method B is shown and described in the Appendix. Any apparatus that 
= provide for accurately maintaining the required test temperature and 

he required positions of the test tubes may be used in Method B. 


Specimen 


ll. (a) Each test specimen shall consist of 2 g. of shellac, coarsely 
ground (approximately 20-mesh). As changing atmospheric conditions 
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have a very marked effect on the flow of shellac, the open test tubes coy 
taining the test specimens shall be exposed to the mueanboty atmosph et 


for not less than 24 hr. before testing, = = = © ee 
(b) Two specimens shall be tested. 7 each 
_ Preparation of Apparatus ends 
12. (a) The two specimens of shellac shall be placed in separate glas brea 
test tubes, care being taken that the specimen in each tube is at the bottoy chan 
and that none of the powdered shellac adheres to the walls of the glas quic 
tube. The top level of the dry shellac in each tube shall be read on th vem} 
millimeter graduated scale. The tubes containing the specimens sii 
then be clamped in place in the testing fixture (see Section 10; also Fig. 41 
in the Appendix). vert 
(b) The testing fixture with the glass test tubes in a vertical positix ae 
shall be inserted in an oil bath maintained at the desired test temperatu: and 
to within +1 C. ton; 
Note.—The method is suitable for testing at any temperature between 100 an 
125 C. ale 
(c) The top level of the specimen in each tube should be level and zt Rey 
right angles to the walls of the tube. 
_ (d) The specimens shall be allowed to melt for 3 min. 
Method A 
Procedure, Method A 
13. At the end of the 3-min. melting period, the test tubes shall each 
be placed at an angle of 15 deg. from the horizontal with the corked ends 
down (see Section 10 (a); also Fig. A2 in the Appendix) and with the 
breather tube extending above the level of the oil bath. The change from 
the vertical position to the flow position shall be made as quickly as pos 
sible. With the oil bath maintained at the desired test temperature, the 
total time required for the shellac in each tube to flow from the initial | 
level of the shellac to each centimeter marking along the tube shall be 
7 recorded. The test in each tube shall be discontinued when the flow is 
; 9 cm. or the total time is 20 min. 
Report, Method A 
14. The report of tests by Method A shall include the following: 
(a) The time required for each centimeter distance of flow for each r 
specimen, 
(6) A curve showing the data reported in Paragraph (a) with time p 
plotted as abscissa and flow in centimeters as ordinates, 5 
(c) The test temperature, 


(d) The angle of the test tubes during the flowing period, and 
‘ (e) The atmospheric temperature and humidity of the laboratory. 


i 
t 
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Method B 
Procedure, Method B 


15. (a) At the end of the 3-min. melting period, the test tubes shall 
each be placed at an angle of 15 deg. from the horizontal with the corked 
ends down (see Section 10 (b); also Fig. A2 in the Appendix) and if a 
te plas breather tube is used, it shall extend above the level of the oil bath. The 
botton © change from the vertical position to the flow position shall be made.as 
ne gles quickly as possible. With the oil bath maintained at the desired test 
on th temperature, the test tubes shall be allowed to remain in the bath in this 
18 sh Position for exactly 12 min. 
Fig. A (b) The test tubes shall then immediately be removed, placed in a 
vertical position, cooled, wiped, and the flow of the shellac in each tube 
measured by reading the distance between the initial point (Paragraph (a)) 
and the end of the flow tongue. The “feather” at the very tip of the 
tongue should be disregarded. 


sition 
eratur 


100 ax: Note.—This “feather,” caused by separation of wax from the shellac, is more notice- 
: able with some shellacs than with others. It can readily be distinguished from the main 
body of shellac as it is always of different color. 
and 2 Report, Method B 
16. The report of tests by Method B shall include the following: 
(a) The flow expressed in millimeters for each specimen, 
(b) The average of the values in Paragraph (a), 
(c) The test temperature, 
II each (d) The angle of the test tube during the flowing period, and 
d ends (e) The atmospheric temperature and humidity of the laboratory. 


th the 


e, the DESCRIPTION OF APPARATUS FOR DETERMINING THE FLOW © 


OF SHELLAC 
all be 
a The apparatus shown in Figs. Ail and A2 consist of the following: _ 


low is 


(a) Test Tubes.—Two test tubes, A, preferably of a heat-resistant glass, 5 in. in 
ength, 1 in. in outside diameter, 7g in. in wall thickness and graduated in millimeters 
for holding the shellac specimen, S. The test tubes are stoppered with tightly fitting 
corks through which are extended small glass breather tubes, B. 

(b) Support.—A fixture, C, for holding the glass tubes i in the correct position. 
This consists of two disks of brass supported as a pendulum as indicated. The disks 
are free to turn on the supporting shaft and are held in the desired position by the 
pin, D. The tubes are supported on narrow V-blocks, and held in position by coil 
springs, H, attached to disks, C. 

(c) Oil Bath.—An oil bath, E, heated by a bunsen burner. Oil having a Saybolt 
Universal viscosity of approximately 150 sec. at 100 C. is suitable. Glycerine or a 
clear oil should be used where visual observations during the flowing period are re- 
quired asin Method A. It is essential to use a mechanical stirring device, F, to main- 


bes cp 
A 
each 
time 
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tain a uniformly distributed temperature. The use of a glass tank or container ; 
required for Method A, where it is desired to observe the flow during the test and+ 
record the time for the shellac specimen to flow various stated distances, Po 
Method B any suitable container may be used. 


Fic. Al.—Flow Test Fixture Showing Essential Fic. A2.—Apparatus Arranged with 
Parts with ‘Test Tubes in Vertical Position. Tubes in Inclined Position for 
Immersion in Bath for Flow Test. 


(d) Thermometer.—A thermometer, G, to indicate the test temperature. The 
thermometer specified in the Standard Specifications for A.S.T.M. Partial-Immersion 
Thermometer for General Use, —5 to +300 C., +20 to +580 F. (A.S.T.M. Designa- 
tion: D 183) of the American Society for Testing Materials! is satisfactory for this 

purpose. 
1 1936 Book of A.S.T.M. Standards, Part II, p. 1405. 


— 
hh 
| 
\ 


TENTATIVE METHODS OF TESTING VARNISHED 
CLOTHS AND VARNISHED CLOTH TAPES 
USED IN ELECTRICAL INSULATION! 


A.S.T.M. Designation: D 295 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1928; REVISED, 1929, 1932, 1933, 1934, 1936, 1937. 
Scope 
1. These methods are intended to apply to varnished cloths and 
varnished cloth tapes to be used as electrical insulation and are 
directly applicable to both the “straight-cut” and “bias-cut” 
materials, unless otherwise stated in the method. 


SAMPLING 
Selecting Rolls 


2. (2) Shipments of varnished cloth and varnished cloth tapes 
shall be sampled as specified in Paragraphs (b) and (c). The rolls 
or pads shall be selected in such a manner as to be representative of 
the shipment. 

(b) Cloth—One roll shall be selected from each ten rolls in a 
shipment of full-width varnished cloth. The minimum number of 
rolls selected from any shipment shall be two. 

(c) Tape.—At least one roll or pad shall be selected from each 
1000 rolls or pads in a shipment of varnished cloth tape. ‘The min- 
imum number of rolls or pads selected from any shipment shall be ten. 


Selecting Samples 


3. (a) Except for tape shipped packed in oil, not less than two 
turns of cloth or six turns of tape from each roll or pad selected for 
sampling shall be torn off and discarded before the samples are selected. 
The number of samples required for purposes of test shall then be 
cut across the entire width of each roll or pad. ‘The length of the 
samples shall not be less than 91.44 cm. (36 in.) for straight-cut 
material; from seam to seam for sewed bias-cut material; and from 
jointed-selvage to jointed-selvage for seamless bias-cut material. 


‘Under the standardization procedure of the Society, these methods are under the jurisdiction _ 
of the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
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Note 1.—Specimens of bias-cut materials cut from the above samples shall 
__ exclude seams and jointed-selvages from the test areas. 
Note 2.—If it is desired to test the seams or jointed-selvages for tensile break. 
ing strength, additional specimens will have to be cut so that the seams or jointed. 
7 selvages are in the center of the specimens. 
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(6) From shipments such as sheets of cloth or strips of tape, the 
samples shall be representative of the shipment and shall be taken in 
, accordance with Paragraph (a). 


q 
CONDITIONING 


4. (a) The roll of cloth or tape from which specimens are to be 
cut shall be conditioned for a minimum of 2 hr. at a room temperature 
between the limits of 20 to 30 C., no humidity control. 

(b) Specimens for tensile breaking strength, elongation, and 

Beccary strength ‘‘as received” shall be removed from the roll as 
required and tested immediately. 

(c) If the room humidity is above 65 per cent, the roll of tape 
shall be kept in a cabinet whose relative humidity is maintained 
between 60 to 65 per cent. 

(d) In the event of dispute, the test specimens shall be conditioned 
for 48 hr. at a temperature between 20 to 30 C. and at a relative 
humidity between 60 to 65 per cent. “ 


THICKNESS 


_ Apparatus 
5. The thickness shall be measured in accordance with Method B 
of the Tentative Methods of Test for Thickness of Solid Electrical 
Tsai (A.S.T.M. Designation: D 374-36 T) of the American 
Society for Testing Materials.’ 
Specimens 
6. Specimens for r test shall consist of samples selected in accord- 


r ance with Section 3. | 


Procedure 


7. In making thickness measurements, only one layer of material 
q shall be used. 


_ Number of Measurements 


8. (a) In the case of cloths, ten measurements equally spaced _ 
, across the width of the specimen shall be taken and the thickness of _ 


the cloth shall be the average of the ten measurements. 


1 Proceedings, Am. op. > aaa Mats.. Vol. 36, Part I, p. 1026 (1936); also 1937 Book of AS.T.M. 7 


Tentative Standards, p. 


strength 


Report 
thickr 


Appar 
shall 
per 
or 
unde 


ments 
taken 
measu: 

2.54 
thar 
wh 
wid: 
for 
3 (a 
Nu 
be 
tio 
th 
Se 
| 
tic 
B 

, 


A.S.T.M. Dassesasee: D 295-37 T 


ments equally spaced along the length of each specimen shall be 
taken and the thickness of the tape shall be the average of the ten 
measurements. 


Note.—The average thickness, as obtained in Section 15 for the dielectric 
strength test, may be conveniently used instead of the separate test described above. 


Report 
9, The report shall include the average, maximum, and minimum 
thicknesses in inches. 


TENSILE BREAKING STRENGTH 

Apparatus 

10. (a) A testing machine! of the dead-weight pendulum type 
shall be used. The machine shall preferably be power driven. = 

(b) The capacity of the machine shall not exceed 113 kg. (250 Ib.). 

(c) The machine shall be graduated to read 1 lb. or 1 kg. or less 
per scale division for testing specimens breaking at 22.7 kg. (50 Ib.) 
or over, and to 0.5 lb. or 0.5 kg. or less for testing specimens breaking 
under 22.7kg.(SOlb.). 


= 


Test Specimens 

11. Specimens cut from the full width cloth or from tapes over 
2.54 cm. (1 in.) in width shall be 2.54 cm. (1 in.) in width and not less 
than 35.54 cm. (14 in.) in length. For tape having a nominal width 
of 2.54 cm. (1 in.) or under the specimens shall be of the original 
width and shall be not less than 35.54 cm. (14 in.) in length. 

Note.—If it is desired to test the seams or jointed-selvages of bias-cut materials 
for tensile breaking strength, specimens obtained as described in Note 2 to Section 
3 (a) shall be clamped in the testing machine so that the seams or jointed-selvages 
are midway between the two jaws. When testing, all readings obtained when the 
specimen breaks away from the seam or jointed-selvage shall be rejected. 

Number of Specimens 

12, (2) In the case of straight-cut cloths, ten specimens shall 
be cut in the direction of the warp threads and ten in the direction 
of the filling threads from samples selected in accordance with Sec- 
tion 3. 

(b) In the case of bias-cut cloths, ten specimens shall be cut in 
the direction of the length from samples selected in accordance with 
Section 3. 

(c) In the case of tapes, one specimen shall be cut from each 


toll selected in accordance with Section 2 (c). 

‘This apparatus is the same as that used for the testing of paper and described in Section 16 of 
the Tentative Methods of Testing Untreated Paper Used in Electrical Insulation (A.S.T.M. Designa- 
tion: D 202 - 36 T), Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 933 (1936); also 1937 
Book of A.S.T.M. Tentative Standards, p. 1047. 


ll (b) In the case of tapes, unless otherwise specified, ten mea i | 
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Procedure values 

13. (a) The ratio of the clearance distance between jaws to the tions, é 
width of the specimen shall not be less than 5 to 1 nor more thay (c 
10 to 1. 

(b) The rate of travel of the movable jaw shall be constant and 
preferably 30.5 cm. (12 in.) per minute, but it may be within the Scope 
limits of 28 cm. (11 in.) and 33 cm. (13 in.) per minute provided it 1 
is constant. tensio 

(c) All readings obtained when the specimen breaks at or in applic 


the jaws shall be rejected. 
Report 


14. (a) The tensile breaking strength of a roll shall be the average 
of the breaking loads of all the specimens from the roll. The report 
shall include the average, maximum, and minimum breaking loads 
in kilograms or pounds together with the width of the specimens 
and the nominal thickness. 

(b) In the case of straight-cut cloths, the tensile breaking strength 
of the warp threads and the filling threads shall be reported separately. 


Dretecrric STRENGTH 
Method 

15. (a) The dielectric strength shall be determined in accordance 
with the Tentative Methods of Testing Sheet, Tape, and Molded 
Insulating Materials for Dielectric Strength (A.S.T.M. Designation: 
D 149 —- 36 T) of the American Society for Testing Materials,! except 
that the voltage on the specimen shall in all cases be increased at the 
uniform rate of 0.5 kv. per second up to breakdown. 

(b) Dielectric strength tests may be applied to specimens of the 
material as received and on specimens from the elongation and 
resistance to oil and heat tests. 

Specimens 


16. (a) In the case of cloths, a specimen at least 10.16 cm. (4 in.) 
in width shall be cut diagonally from corner to corner from a sample 
selected in accordance with Section 3. 

(6) In the case of tapes, the specimens shall be samples selected 
in accordance with Section 3. 


Report 


17. The report shall include the following: 
(a) The method used for making the dielectric strength tests, 
(b) The average dielectric strength in volts per mil and any other 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 918 (1936); also 1937 Book of A.S.T.M. 
Tentative Standards, p.1002, | 
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yalues of dielectric strength as required by the materials specifica-_ 
tions, and 
(c) The temperature at which the tests were made. 


ELONGATION 
Scope Un the Case of Bias-Cut Material) 


18. This method is intended to determine the effect of mechanical 
tension on bias-cut varnished cloths and tapes. This test is not 
applicable to tapes of less than 1.27 cm. (0.5 in.) in nominal width. 


Fic. 1.—Clamp for Elongation Test. 
Apparatus 

19, The apparatus required for the test shall consist of a pair 

of clamps for gripping the ends of the specimen. The clamps shall 
not be less than 5.08 cm. (2.0 in.) in width and one shall be provided 
with means for attaching to a fixed support and the other with means 
for affixing suspended weights. See Fig. 1 for suggested form of clamp. 
Specimens 


20. (a) In the case of bias-cut cloths, specimens shall be cut in 
the direction of the length from the samples selected in accordance 
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with Section 3. They shall not exceed 3.81 cm. (1.5 in.) in width 
and shall be at least 91.44 cm. (36 in.) in length. 

(6) In the case of bias-cut tapes, specimens shall be samples 
selected in accordance with Section 3 and they shall not exceed 3.8; 
m. (1.5 in.) in width. Tapes of greater width than this shall be cut 
to 3.81 cm. (1.5 in.) or less before testing. 


Note.—Strips of “Scotch tape” make a satisfactory method for marking 
the gage length on the elongation test specimens. 


Elongation 


21. A gage length of 50 cm. shall be marked on the test specimen 
and the specimen shall be fastened between two suitable clamps so 
that the gage length is centrally located between the clamps. The 
clearance distance between each gage line and the adjacent clamp 
shall be not less than 10 cm. 

The test specimen shall be weighted with a specified load, M, 
(including the weight of the clamp) and at the end of 35 minutes the 


distance, L, between gage lines shall be measured and the load then 
removed. 


Calculation 


22. The percentage elongation is defined by the following 
formula: 


L— 50 
Elongation, per cent = X 100 


in which Z is in centimeters. 


Dielectric Strength 


23. After at least 20 min., but not more on 1 he following 
the removal of the load, five puncture voltages shall be taken within 
the gage length of the specimen in accordance with Section 15, using 
only Method A of the Tentative Methods D 149-36 T.!_ The dielec- 
tric strength shall be calculated on the basis of the average thickness 


of the specimen determined immediately before the dielectric break- 
ao 


Report 
24. The report shall re the following: 
(a) the load in pounds per inch width of tape; 
(b) the percentage elongation; 
(c) the average dielectric strength in volts per mil after elonge 
tion; and 
(d) the temperature of the room during the elongation test. 


1 Proceedings, Am. . B. sueing Mats., Vol. 36, Part I, p. 918 (1936); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 
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Power Factor AND DIELECTRIC CONSTANT 
Scope 


25. This method is intended to determine the power factor and Ee 

dielectric constant of varnished cloths and tapes at frequencies not 

exceeding 70 cycles per second. 7 
4 


Definitions and Theory of Test 


26. The definitions of dielectric power factor, dielectric constant _ 
and related terms, and the theory of test shall be as given in the i ; 


Tentative Methods of Testing Electrical Insulating Materials for 
Power Factor and Dielectric Constant (A.S.T.M. Designation: 
D 150 - 36 T) of the American Society for Testing Materials.’ 
Electrodes 


27. Flat, rigid, guarded electrodes, not over 10 sq. in. in area, 
of such size as to give the bridge sufficient sensitivity to detect readily 
a change in power factor of 0.0005, shall be used. ‘The specimen 
shall extend beyond the guard electrode for a distance of at least four 
times the thickness of the specimen. ‘The pressure shall be not less 
than 10 nor more than 20 lb. per sq. in. | 
Test Specimen 


28. The test specimen may be tested in one thickness. Petro- 
latum may be used to avoid ionization. The petrolatum shall have 
a power factor at 80 C. of not exceeding 0.02 at 60 tycles, or a resis- 
tivity not less than 10"? ohms per centimeter cube at 80 C. 
Conditioning of Specimen 

29. The specimens shall be conditioned in one thickness by 
heating to 105 C. + 3 C. for 1 hr. without vacuum, and then for 
2 hr. at the same temperature in a vacuum having an absolute pres- 
sure not exceeding 1 mm. of mercury. 
Procedure 


30. Tests shall be made at room temperature of 25 to 30 C., 
and at 80 C. + 1 C. The conditioned specimens shall be tested 
within 5 min. after removal from the vacuum container. The voltage 
gradient shall be 50 v. per mil. The method of measurement shall 
conform to that described in the Tentative Methods of Testing 
Electrical Insulating Materials for Power Factor and Dielectric 
Constant (A.S.T.M. Designation: D 150-36 T) of the American 
Society for Testing Materials.! 
Number of Tests 4 


31. Three specimens shall be tested and the average shall be 
taken. 


' Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 955 (1936); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 1069. 
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Report 


32. The report shall include the following: 

(a) Test Conditions.-The frequency in cycles per second, the 
temperature in degrees Centigrade, relative humidity in per cent, 
the conditioning of the specimen, size of electrodes, pressure on 
electrodes, voltage gradient in the dielectric while under test. 

(b) Specimen._-Capacitance of specimen in micro-microfarads, 
effective area of specimen electrodes, average thickness of specimen 
between electrodes. 


(c) Power factor, dielectric constant, and loss factor of each 
specimen, and the average. oe 
(d) Method of measurement. 


_ RESISTANCE TO OIL 
Scope 


33. This method is intended to determine the effect of oil on 
the varnish film and dielectric strength of the cloths or tapes. 
Specimens 


34, One specimen 30.48 cm. (12.0 in.) in length and not exceed- 
ing 3.81 cm. (1.5 in.) in width shall be cut from each of the rolls selected 
in accordance with Section 2. 


Procedure 


35. The specimens shall be immersed for 15 min. in a specified 
oil maintained at a temperature of from 97 to 103 C. At the end of 
this time, the specimens shall be removed from the oil, allowed to 
cool for at least 30 min. to room temperature and any excess oil re- 
moved by placing between blotters without any sliding, = 
Examination 


36. The varnish film shall be examined for disintegration in the 
oil and flaking either in the oil or on the blotter. Disintegration in 
the oil may be detected by examination of the used oil for turbidness. 

Note.—The oil may be considered turbid if a sample of used oil filtered through 
filter paper is distinctly less transparent than an unfiltered sample of the unused 


oil when the two samples, in identical containers, are held in front of a diffused 


light. Flaking along the cut edges of tapes shall not be considered as disintegration 
of the varnish film. 


Dielectric Strength 


37. Specimens which have been allowed to cool at least 30 min. 
may be tested for dielectric strength any time within a period of 
4 hr. after removal from the oil. Five puncturing voltages shall be 
taken on the specimens in accordance with Section 15, using only 
Method A of the Tentative Methods D 149-36 T.! The dielectric 


1 Proceedings, Am. Soc. c. Testing Mats., Vol. 36, Part I, p. 918 (1936); also 1937 Book of A.S.T.M. 


Tentative Standards, p. 


| 
stre 
| the 
| | Rey 
| 
| 
det 
OF 
| D 
te 
| | 
| 0 


AS. TM. 295 — 37 

strength shall be calculated on the basis of the average thickness of 
the specimen determined immediately before the dielectric break- _ 
down test. 


Report 
38. The report shall include the following: 


(a) The type of oils used (preferably including the flash point 
letermined in accordance with the Standard Method of Test for 
Flash and Fire Points by Means of Open Cup (A.S.T.M. Designation: 
D 92) of the American Society for Testing Materials).! 

(b) The temperature of the oils. 

(c) Results of the physical examination of the film (Section 36). 

(d) The percentage increase in average thickness due to oil Z 
tests. 

(e) The average dielectric strength in volts per mil after the | 
oil tests. 


WEIGHT 


39. Specimens of sufficient size to weigh 1 not less than 5 g. (0.18 18 
oz.) shall be accurately weighed on an analytical balance and the 
weight shall be reported on some commercial unit basis such as, the 
weight per square yard, the weight per gross yard p per 1 in. i in width 
or the weight per roll. 


THREADS PER INCH 
Count 
40. The count or threads per inch of the varnished cloth or 
varnished cloth tape shall be determined separately on the warp and 
filling by counting a space of not less than 1 in. (2.54 cm.) in at least 
five different places in the sample strip (or strips). The average of 
the five determinations shall be the count. __ 


Report 


41. The results of the warp count and the filling count shall be J 
reported separately as threads per inch. 


Note 1.—The warp threads in straight-cut materials are the threads which 
are parallel with the length dimension, while in bias-cut materials the warp threads 
are parallel with the seams and jointed selvages. 

Note 2.—Before counting black, varnished materials it will be necessary to 
remove the varnish film with a knife blade or other suitable instrument. Liquid 
varnish removers are unsuitable for this purpose as they cause a swelling of the 
fibers and a shrinkage of cloth with a consequent increase in threads per inch; 
therefore, the films must be removed mechanically. 


11936 Book of A.S.T.M. Standards, Part II, p. 892. 
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TENTATIVE METHODS OF TESTING FLEXIBLE 
VARNISHED TUBING USED FOR 
ELECTRICAL INSULATION! 


A.S.T.M. Designation: D 350-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1932; REVISED, 1935, 1937. 
Scope 


1. These methods cover the testing of flexible varnished tubing (Note 
used as electrical insulation for leads on electrical apparatus. 


Note.—The term “varnished tubing” as here used refers to braided cotton sleeving 
coated, or impregnated and coated, with lacquer or a combination of lacquer and varnis! 
_ or other similar coatings. 


SAMPLING: 
Sampling 


2. (a) A sufficient number of the pieces of tubing to total not less than 
1.83 m. (6 ft.) in length shall be selected from each 305 m. (1000 ft.) in 
the shipment, but in no case shall less than 1.83 m. (6 ft.) be taken froma 
shipment and the pieces shall be selected in such a manner as to be repre- 
sentative of the shipment. 

(b) The number of specimens required for purpose of tests shall be cut 
from the pieces selected in accordance with Paragraph (a) and care shall be 
taken to select material which is free from abnormal defects such as blisters, 

° wrinkles, cracks, etc. 


3. (a) Test specimens shall be stored for at least 2 hr. in air main- 

Bes at a temperature between the limits of 20 and 30 C. (68 and 86 F)), 
before testing. 
' (b) If the relative humidity of the air is in excess of 55 per cent, then 
the specimens for the dielectric strength test shall be conditioned in ait 
which is maintained at a relative humidity between the limits of 50 to 55 
per cent in a temperature range of 20 to 30 C. (68 to 86 F.) for a period of 
48 hr. If a conditioning cabinet is used, one specimen at a time shall be 
withdrawn and tested immediately for dielectric strength. 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
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Note.—A saturated solution of sodium-dichromate is a suitable humidifying agent 
for obtaining these limits when used under the conditions specified in Section 11 (6) of the 
entative Methods of Test for Insulation Resistance of Electrical Insulating ned 
AS,T.M. Designation: D 257 - 37 T) of the American Society for Testing Materials.1 


DIMENSIONS 1 | 
Gage Rods and Micrometer 


4. (a) Standard gage rods with hemispherical ends and a 1-in. ma- 
chinist’s type micrometer with ratchet device and having anvil and spindle 
surfaces 0.25 in. 0.001 in. in diameter shall be used. 

(b) The standard gage rods shall be steel and shall have smooth sur- 
faces. A set of two is required for each size of tubing. Each rod in a set 
shall have a diameter within + 0.0002 in. of the diameters listed as maximum 
and minimum in the following table: 


A.S.T.M. STANDARD SIZES FOR FLEXIBLE VARNISHED TUBING. 
InsipE DIAMETER, IN. 


MAXIMUM 
. 347 one 
.289 
278 258 
249 229 
224 204 
. 198 182 
178 . 162 
158 144 
141 129 
124 114 
112 102 
101 091 
089 081 
080 072 
070 064 
063 057 
055 051 
.049 045 
.040 
.040 . 036 
.036 .032 034 


Note..-The minimum inside diameters in this table are the same as the diameters of copper wire for 
tresponding A.w.g. or B. & S. gage sizes. 


106 
095 
085 
076 
066 
059 
053 
.047 
.042 


0 
0 
0. 
0. 
0. 
0 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 
0 
0 
0 


Test Specimens 


5. Test specimens of any convenient length shall be cut from the 
samples obtained in accordance with Section 2. 


— 


(a) Inside Diameter —The minimum gage rod for the size tubing 
we test shall pass into the specimen for a distance of 5 in. without expand- 
ing the wall of the tubing. If the rod has a fairly snug fit, then the speci- 
men has an inside diameter equal to the diameter of the rod. If, how- 
ever, the minimum gage rod fits loosely, then the maximum gage rod shall 

'See p. 1021, 
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reading and the diameter of the gage rod. 


(c) Outside Diameter.—The outside diameter of the specimen shall be 
considered to be the sum of the estimated inside diameter and twice the 


The inside diameter shall be estimated 
from the fit of the maximum and the minimum gage rods (Paragraph (a)). 


wall thickness (Paragraph (6)). 


Report 


7. The report shall include the following: 
(a) The size of the tubing, 
(6) The wall thickness in inches, and 
(c) The outside diameter in inches. 


DIELECTRIC STRENGTH 


Test Procedure 
8. The dielectric strength of the tubing shall be determined in accord- 


as Test Specimens and Electrodes 


MEtHODS OF TESTING VARNISHED TuBING (D 350 - 37 T) 


be inserted into the specimen. If the maximum gage rod passes fre¢h 
into the specimen for a distance of 5 in. with a fairly snug fit or if it expand: 
the wall of the specimen, then the tubing shall be considered to be of tha 
size which falls within the limits of the maximum and minimum ing; 
diameters as represented by the gage rods. 
(b) Wall Thickness.—A standard gage rod which will pass freely into 
the tubing shall be inserted in the specimen. 
be applied over the specimen, and a reading taken by following the pp. 
cedure specified in Method A of the Tentative Methods of Test for Thick. 
ness of Solid Electrical Insulation (A.S.T.M. Designation: D 374-36 T) 
of the American Society for Testing Materials. 
micrometer readings shall be obtained. The wall thickness shall be con- 
sidered to be one half the difference between the average micrometer 


The micrometer shall they 


The average of five 


ance with the short-time dielectric strength test as described in Sections 2 
and 9 of the Tentative Methods of Testing Sheet, Tape, and Molded In- 
sulating Materials for Dielectric Strength (A.S.T.M. Designation: D 149- 
36 T) of the American Society for Testing Materials. 


9. (a) A straight standard annealed copper wire shall serve as the inner 
electrode in a test specimen of convenient length. The nearest A.w.g. siz 
of wire shall be selected which will fit snugly without stretching the tubing. 
The specimen shall be applied over the electrode wire with a straight 
motion and without twisting the specimen or without causing it to “bunch.” 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1026 (1936); also ‘1937 Book of AS.T.M. 
7 


Tentative Standards, p. 1147. 


Am. Soc. Testing Mats., Vol. 36, 
Tentative Standards, p. 1002. ve" 


2 Proceedings, 


Part I, p. 918 (1936); 


also 1937 Book of AS.T.M. 
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METHODS OF TESTING VAR 


The wire shall be free of bends to avoid a binding action on the tubing as 
it is being slipped onto the wire. 

(b) After the tubing has been placed on the copper wire, strips of 
metal foil 2.54 cm. (1 in.) in width shall be tightly wrapped on the outside 
of the specimen at a distance of not less than 7.62 cm. (3 in.) apart and at 
least 7.62 cm. (3 in.) from each end. The metal foil shall have a thickness 
of not to exceed 0.0005 in. and the first turn of the foil applied to the tubing 
shall be wiped snugly against the tubing. Two more turns of the foil 
shall then be wound over this first turn, leaving a free end of } in. to which 
the electrical connection shall be made during the test. 

Note.—The standard gage rods should never be used as the inner electrode. The 


arc which forms when the tubing punctures will invariably raise a pimple of melted metal 
on the surface of the rod, spoiling it for use as a standard. 


Test Conditions 

10. (a) The test voltage shall be applied between the copper wire and 
each metal foil strip in turn. 

(b) The tests shall be made in air with the specimen at room tem- 
perature. 

(c) The dielectric strength shall be the average of ten puncturing 
voltages. 


Report 
11. The report shall include the following: 
(2) Total volts at each puncture, — 
(b) The average, maximum, and minimum puncturing voltages, 
(c) The room temperature, and 
(d) The relative humidity, in per cent. 


HEAT ENDURANCE 
Test Specimens 


12. Not less than ten test specimens, each 15.24 cm. (6 in.) in length 
shall be cut from the samples obtained in accordance with Section 2. 


aoe ™ the heat endurance is in excess of 120 hr., additional specimens will have 
cut. 


Procedure 


13. (a) The specimens shall be placed in a uniformly heated electric 
oven of the analytical type in which the temperature is maintained between 
the limits of 105 and 110 C. (221 and 230 F.). Two specimens shall be 
removed at the end of 24 hr. and every 24 hr. thereafter until failure occurs. 
After cooling to room temperature of approximately 20 C. (68 F.), each 
specimen shall be bent through 180 deg. over a rod having a diameter as 
shown in the following table: 
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DIAMETER OF TEST m 


o The number of hours of baking at which first cracking across the 
specimen occurs shall be noted and reported. Any side cracking occurring 
because of the flattening of the specimen on the rod shall be disregarded. 


SMOLDERING 


_ (In the case of Grades A and B tubing) 


Apparatus 


14. The apparatus required for the smoldering test shall be a bunsen 
burner and a suitable support for holding the specimen. 


Test Specimens 


15. At least three test specimens 9.16 cm. (4 in.) in length shall be cut 
from the samples obtained in accordance with Section 2. 


Procedure 


16. (a) A gage length of 2.54 cm. (1 in.) shall be marked on the test 
specimen at least 2.54 cm. (1 in.) from the end of the specimen. The 
specimen shall be held mechanically in a horizontal position in still air. 


Note.—Any metal rod inserted into the specimen for convenience in supporting it 
must not enter the region spanned by the gage length. 

(b) The blue flame of the bunsen burner shall be applied to the un- 
supported end of the specimen until the specimen is thoroughly ignited. 
The burner shall then be removed. As soon as the leading edge of the 
flame of the tubing reaches the first gage mark, the flame shall be ex- 
tinguished with a puff of breath. When all smoldering and smoking has 
ceased, the distance from the second gage mark to the edge of the charred 
varnish shall be measured. This measured distance shall be subtracted 
from 2.54 cm. (1 in.) and the difference shall be considered the distance of 
smoldering. If the smoldering extends beyond the second gage mark, the 
smoldering distance shall be reported as over 2.54 cm. (1 in.). 


Report 


17. The distance of smoldering to the nearest 1.5 mm. (ps in) ) shall 
be reported. 


RATE OF BURNING 
(In the case of non-flammable or flame-resisiant tubing, Grade C) 
Apparatus 


18. The apparatus required for the rate of burning test shall be 4 
-bunsen burner, a stop watch, and a suitable support for holding the 


Nes. Test S 
Nos. 6 to 11, incl... I' 
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« 


Test Specimens 


19. At least three test specimens 9.16 cm. (4 in.) in length shall be , . 
cut from the samples obtained in accordance with Section 2. 


Procedure 
20. (a) A gage length of 2.54 cm. (1 in.) shall be marked on the test _ 


specimen at least 2.54 cm. (1 in.) from the end of the specimen. The 
specimen shall be held mechanically in a horizontal position in still air. 


Note.—Any metal rod inserted into the specimen for convenience in supporting it 2. 
must not enter the region spanned by the gage length. 

(b) The blue flame of the bunsen burner shall be applied to the un- 
supported end of the specimen until the specimen ignites. The burner 
shall then be removed and the time in seconds for the leading edge of the 
flame to travel over the gage length of 2.54 cm. (1 in.) shall be observed 
with the stop watch. ‘The rate of burning shall be defined as the number 
of seconds required to burn a length of 2.54 cm. (1 in.) of the specimen. 


21. The rate of burning for each specimen shall be reported, 
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TENTATIVE SPECIFICATIONS 
FOR 
RUBBER GLOVES FOR ELECTRICAL WORKERS ON 
APPARATUS OR CIRCUITS NOT EXCEEDING 3000 
VOLTS TO GROUND! 


A.S.T.M. Designation: D 120-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
_ annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED AS TENTATIVE, 1921; ADOPTED IN AMENDED ForM, 1923; REVISED AN 
REISSUED AS TENTATIVE, 1937.2 


SPECIFICATIONS 
Scope 


1. These specifications cover electrical workers’ rubber gloves of tw 
classes, as follows: 


Class A .—Gloves intended for use without external protection. 


Class B.—Gloves intended for use with external protection of leather 
or other material. 


Manufacture 7 


2. The gloves shall be made by the “dipping” or other seamless 
process, of high grade rubber or rubber compound properly vulcanized. 
_ Unless otherwise specified, cuff edges shall be finished with a roll or a rein- 


forcing strip of rubber. 


3. (a) Voltage and Leakage Tests~—-Each glove shall withstand an 
alternating potential of 10,000 v. (r.m.s. value) for 3 min. At 60 cycles the 
leakage current shall not exceed 10 ma. (total current) at any time during 

7 the test. If tested at any other frequency (x cycles) the permissible current 
leakage (J,) may be determined by the following formula: 


x cycles 
10 60 cycles 
(b) Dielectric Strength-—Each glove shall be capable of withstanding 


_ the application of the following voltage (r.m.s. value) for 1 min., at 6 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee D-11 on Rubber Products. es bher 
These specifications are in effect a revision of, and replace the former Standard Specifications for rt i 
Gloves for Electrical Workers on Apparatus or Circuits not Exceeding 3000 Volts to Ground (A.S.7.™. 
Designation: D 120-23), which standard was accordingly discontinued in 1937. 
2 Accepted for puplication as tentative by Committee E-10 on Standards, August 26, 1937. 
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cycles, without showing a leakage current in excess of that given in the 
following : 
VOoLTs MILLIAMPERES 
18 
14 


Physical Properties 

4. A test specimen cut from any glove shall conform to the following — 

requirements as to physical properties: 
a) Tensile Strength-—The tensile strength shall be not less than — 

1900 Ib. per sq. in. 

(b) Elongation.—The total elongation in 1 in. at rupture shall be not — 
less than 600 per cent (1 in. stretched to 7 in.). 

(c) Set.—The set in 1 in. following an elongation of 500 per cent (1 in. — 
stretched to 6 in.) shall not exceed 0.25 in. 


Accelerated Aging 

5. (a) After being subjected to a temperature of 158 F. + 2 F. (70 C. 
+1(C.) in circulating air for 7 days, the tensile strength and elongation 
shall be not less than 80 per cent of the original. 

(b) After being subjected to a temperature of 158 F. + 2 F. (70 C. + 
1C.) in oxygen at 300 Ib. per sq. in. pressure for 4 days, the tensile strength 
and elongation shall be not less than 80 per cent of the original. ne 


Size and Length 


6. (a) Size shall be expressed in inches as measured around the palm 

at the base of the knuckles. The permissible variation in size shall be 
1; 
+} in. 

(6) Length shall be expressed in inches as measured from the tip of 
the second finger to the edge of the cuff. Unless otherwise specified, the 
length shall be 14 in. ‘The permissible variation in length shall be +} in. 
Thickness 


7. The respective thicknesses of the two classes of gloves in inches — 
shall be within the following limits: 


Part or GLtove OTHER THAN CROTCH CrotcH 
MAXIMUM MINIMUM MaxIMuM MINIMUM 


0.065 0.050 0.065 0.038 


0.050 0.035 0.050 0.026 


Workmanship and Finish 


tuberances, embedded foreign matter or other physical defects which can 
be detected by thorough surface inspection. - 


Marking 
9. Unless otherwise specified each glove shall be marked with the 
manufacturer’s name and the size of glove. Such marking shall be con- 


8. Gloves shall be free from patches, blisters, pinholes, cracks, pro- . ; 
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fined to the back of the glove and shall be so done as not to injure ¢} 
_ glove. Indelible and non-conducting ink shall be used. 


Packing 15 

10. Each pair of gloves shall be packed in an individual stiff paper be asf 
_ box of sufficient strength to properly protect the gloves. ‘The end of the ( 
_ box shall be marked with the glove size and in the case of Class B glove ( 


with the words “For use with Protectors.” 
Guarantee 


11. The manufacturer shall replace, without charge to the purchaser 
gloves which at any time within a period of eight months from the date o 
initial test, fail to pass the tests herein prescribed; provided the glov 
have been properly stored in their original boxes. 

Note.—“ Proper storage” is to be interpreted to mean that gloves are not to 


stored directly above or in proximity to steam radiators or other sources of artificial h 
It is desirable that the ambient temperature shall not exceed 90 F. (32 C.). 


Inspection 
12. Inspection and test unless otherwise specified shall be made within 
_ two weeks of receipt by the purchaser at his own expense at such place 
he may designate. 

Rejection 

13. (a) Each glove that fails to meet the requirements of Section 3 (0) 
and () or Section 8 shall be rejected. Rejection of gloves failing to meet 
the requirements of Section 6, 9 or 10, is optional with the purchaser. 

(b) If any of the measurements of thickness made as prescribed in 
Section 16 or any additional measurements which the purchaser may elect 
to make fall below the minimum thickness specified in Section 7, the glove 
shall be rejected. If any of the measurements exceed the maximum thick- 
ness specified, rejection is optional with the purchaser. 

(c) If rejections under Paragraphs (a) and (b) exceed 25 per cent 0! 

_ the shipment the whole shipment may be rejected without further tests. 

(d) If 25 per cent or more of the gloves subjected to the test prescribed 

_in Section 3 (6) fail to pass the test, the entire shipment shall be rejected. 
(e) If the average of the results for either the tensile strength, elonga: 
tion, or set tests made as prescribed in Section 26 fail to meet the require: 
ments of Sections 4 and 5, the entire shipment shall be rejected. - 


_ Marking Rejected Gloves 


14. All rejected material shall be returned to the manufacturer with: 

_ out being defaced by rubber stamp or other permanent marking, except " 
gloves which have been punctured on electrical tests. These shall be 
stamped, punched or cut to indicate that they are unfit for electrical use. 


Order ¢ 
= 


‘ 
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Order of Testing | 


15. The order of procedure in testing rubber gloves shall preferably 
be as follows:! 

(2) Inspection of inside and outside surfaces (Section 8), 

(b) Measurement of length (Section 6 (0)), 


Fic. 1.—Dial Micrometer. 


(c) Measurement of size (Section 6 (a)), 
(d) Measurement of thickness (Section 7), 
(e) Electrical test (Section 4 (a)), 

({) Dielectric strength (Section 4 (b)), and 
(g) Physical properties (Section 5). 


, 


onthe This Procedure has been found by experience to minimize the expense of the inspection and testing 
i Cularly where an appreciable number of gloves fail to meet the requirements as to workmanship or 


— wl 
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Thickness Measurement 


16. (a) A pparatus.—The thickness measurements shall be made with 
any micrometer graduated to mils or tenths of mils having a ratchet friction 
or spring attachment. The tension on the friction attachment shall be 5 
adjusted that when the spindle has come to a stop, the specimen can be 
moved between the spindle and anvil without causing any appreciable 
stretching of the rubber. Dial-type micrometers graduated to mils and 
mounted in a manner similar to that shown in Figs. 1 and 2 are particularly 
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Fic. 2.—Dial Micrometer. 


convenient for making all of these measurements. In both cases the anvil 
is about } in. (6.4 mm.) in diameter and the foot of the spindle about 
$ in. (3.2 mm.) in diameter. 

(6) Procedure-—The thickness of each glove shall be measured at not 
less than four points on the face and four points on the back. Measure- 
ments shall be made at one or more points in the crotch of the thumb and 
index finger and in the crotches between the fingers. . a 


Electrical Tests 
Leakage Test 


17. Each glove shall be tested for leakage in fresh water at norma 
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room temperature (60 to 90 F. (15 to 32 C.)) by immersing it in the water 
to within about 13 to 2 in. of the edge of the cuff and filling the glove with 
water up to the same point. The water inside the glove and that outside _ 
the glove form the test electrodes. These are conveniently connected to 
the testing transformer by means of a chain suspended in the glove and 

by direct connection to the containing vessel. 


Source of Test Voltage 


18. The testing voltage shall be obtained from a testing equipment 
which shall be capable of delivering not less than #g kva. for each glove 
tested but in no case shall the rating of the testing transformer be less than 
2kva. The frequency of the testing voltage shall be not more than 65 
cycles. 


Application of Test Voltage ayy 
19. The potential shall be applied at a low ili and gradually an 


steadily raised at a rate of approximately 1000 v. per sec. until the pre- 
scribed testing voltage is reached. 


Test Period 
20. The test period shall be counted from the instant when the pre- 


scribed testing voltage is reached. 
Voltage Regulation 


21. (a) The method of regulating the test voltage shall be such that 
the wave shape of the voltage produced does not have a deviation factor 
larger than 10 per cent. 

The deviation factor of a wave' is the ratio of the maximum differ- 
ence between corresponding ordinates of the wave and of the equivalent 
sine wave to the maximum ordinate of the equivalent sine wave when 
the waves are superposed in such a way as to make this maximum 
difference as small as possible. 

(b) Acceptable methods of voltage regulation include the following: 

(1) Field regulation of the alternator supplying the transformer, 

(2) Induction-type regulator, and 


($) Variable-ratio-transformer type of regulator. } 
Voltage Measurement 


22. The testing voltage shall be measured by one of the following 
methods: 

(2) Any properly calibrated commercial type of alternating-current 
voltmeter connected to the low-tension side of the transformer in conjunc- 
tion with the ratio of transformation of the transformer provided that the 
ratio is definitely known for all test conditions. 


‘Standard No. 7, Alternators, Synchronous Motors and Synchronous Machines in General, Par. 7-650 
tion Factor of Wave Defined, Am. Inst. Electrical Engrs., December, 1927. 
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Leakage Current Measurement 


23. The leakage current shall be measured directly by inserting a 
milliammeter in series with each individual glove in turn. 


(b) A calibrated potential transformer with a voltmeter. _ 


NotTeE.—It is customary to make high voltage tests of this character with one end of 
the circuit grounded, the containing vessel usually being the grounded end of the circuit. 
The milliammeter should therefore be connected in at the grounded end of the circuit 
and shunted by a short-circuiting automatic self-closing switch which will therefore always 
keep the circuit closed except a at the instant of reading and thus maintaining an uninter. 
rupted ground. 


Dielectric Strength Test 


24. (a) Not less than ten per cent of the gloves which have passed 
all of the tests previously prescribed herein shall be selected at random 
and tested for compliance with Section 3 (0). 

(b) One per cent of the gloves (in no case less than two gloves) which 
have passed all the tests previously prescribed herein shall be selected at 
random and tested for ultimate dielectric strength. The test shall be made 
in accordance with the general method described in Sections 17 to 23 inclu- 
sive. ‘The potential shall be raised steadily and gradually at a rate of 


approximately 1000 v. per sec. until failure occurs, the voltage at failure 
being recorded. 


Physical Tests 
Test Specimens 


25. Four or more test specimens shall be cut from each glove tested 
under Section 24 (b). The shape of these specimens shall be in substantial 
accord with that prescribed in the Tentative Methods for Tension Testing 
of Vulcanized Rubber (A.S.T.M. Designation: D 412-36 T) of the 
American Society for Testing Materials,' the essential dimensions of this 
specimen are as follows: 

Total length 43 in. 

Width 1 in. with a reduced section at the center, } in. wide and about 

1 in. long with a radius of curvature between the ends and the 


reduced section of in. 
Tensile Strength, Elongation and Set Tests" 


26. The tests for tensile strength, elongation and set shall be made in 
accordance with the Tentative Methods for Tension Testing of Vulcanized 
Rubber (A.S.T.M. Designation: D 412-36 T) of the American Society 
for Testing Materials.1 The essential features of these methods are as 
follows: 


(a) Temperature of testing room and of specimens, between 70 and 
90 F. 


' Proceedings, Am. Soc. Seating Mats., Vol. 36, Part I, p. 1105 (1936); also 1937 Book of AS.T.M. 
Tentative Standards, p. 1266, 
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(}) Rate of separation of jaws of testing machine, 20 in. per min. 

c) Tensile strength and elongation shall be made on one specimen 
ind set test on a separate specimen. 

(d) Set shall be made by stretching the 1-in. gage length to 6 in., 
lding for 10 min. and measuring the distance between the bench marks 
i) min. after release. 


Accelerated Aging 

27. The tests for accelerated aging of the rubber compound shall be 
made in accordance with the Tentative Methods of Test for Accelerated 
\ging of Vulcanized Rubber (A.S.T.M. Designation: D 428 — 36 T) of the 
4merican Society for Testing Materials.! 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1113 (1936); also 1937 Book of A.S.T.M. Tenta- 
tive Standards, p. 1274. 
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TENTATIVE SPECIFICATIONS er 
FOR ductor 
INSULATED WIRE AND CABLE: CLASS AO, 30 PER CENT specifi 
HEVEA RUBBER COMPOUND! wire ( 
A.S.T.M. Designation: D 27-37T 7 for 
This is a Tentative Standard and under the Regulations of the Society is subject the f 
to annual revision. Suggestions for revision should be addressed to the Head. specif 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. ( 
ISSUED, 1916; REVISED, 1921, 1928, 1931, 1933, 1934, 1935, 1936, 1937.3 each 
Scope appr 
1. These specifications cover the conductors, insulation, cable reels 
tape, cotton braid and lead sheaths of Class AO rubber insulated then 
wire and cable. The design and factor of safety depend upon the from 
service conditions and shall be at the option of the purchaser. 
MANUFACTURE a 
Material 
2. The conductor shall be of soft annealed copper, properly tinned, 
and have the properties and characteristics herein required. 
Strand 
3. Each individual wire of a stranded conductor shall be con- - 
sidered separately and shall be designated as a strand. . 
Shape 
4. Each solid conductor and each strand shall be ound and 
reasonably free from imperfections. 
Stranding 
5. The stranding shall conform to the requirements of Table I and (nat 


shall be either standard concentric or flexible as specified in the order. 


Density be 
6. For the purpose of calculating weights, cross-sections, ete., in F 
conductivity determinations, the density of copper shall be taken . 
as 8.89 g. per cu.cm. (See Appendix.) . 

1 Under the standardization procedure of the Society, these specifications are under the juris 
diction of the A.S.T.M. Committee D-11 on Rubber Products. 
2 Latest revision accepted by Committee E-10 on Standards, August 26, 1937. di 
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PERMISSIBLE VARIATIONS IN DIMENSIONS oe 


Diameter and Area 

7. (a) Permissible Variation—When the diameter of solid con- 
ductors and strands is specified, the permissible variation from the 

NT specified value shall not exceed 1 per cent under, or 3 per cent over for 
wire 0.010 in. in diameter or larger, and 0.1 mil under or 0.3 mil over 
for wire less than 0.010 in. in diameter. 

When the area of cross-section of stranded conductors is specified, 
ect the permissible variation shall not exceed 1 per cent under the 
ad. specified value. 

(b) Method of Gaging Diameter.—When wire is submitted in coils, 
each coil shall be gaged in three places, one near each end and one 
approximately at the middle. When wire is submitted on spools or 

ile reels, approximately 12 ft. of the wire shall be reeled off and the wire 
ed then gaged in six places between the second foot and the twelfth foot 
he from the end. 


TABLE I.—STRANDING OF INSULATED CONDUCTORS. 


(1) For intermediate sizes use stranding for next larger siz 

(#) In assembly column, “37 by 19 rope lay,” signifies 37 a of 19 wires assembled like a rope. 

(8) Flexible stranded Nos. 16 and 18 A. w.g. shall consist of No. 30 A.w.g. wires bunched im bound with a 
soft cotton wind or other material. 

(4) Conductors of No. 0000 and smaller are often made solid and this table of stranding should not be interpreted 
ws excluding such practice. 


= Size of Conductors Stranding,* 
ber Assembly 


37 by 19 rope lay 
4 by 19 rope lay 


500 000 cir. 
25 
7 
d lay 
“The standard concentric stranding in this table agrees with Table XII of Circular No. 31, Pe po Wire and 
| Cables,” U.S. Bureau of Standards; and also Table II of Standard No. 30 “Wires and Cables” of the American 


Ceo 


Inatitute of Electrical Engineers. 


(c) Calculation of Area.—The area of cross-section of wire shall 

be calculated from the average of the measurements of the diameter 

made in accordance with Paragraph (b). The area of cross-section 

of cable shall be considered to be the sum of the cross-sectional areas 

of its component wires, when laid out straight and measured per- 
pendicular to their axes. 

_ @ Rejection—A coil or reel shall be rejected if the average 

eter obtained from the measurements made in accordance with 


a 
+ 


less than that specified in Table ITI. 
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Paragraph (6), or the area calculated in accordance with Paragraph 
(c), is not within the limits specified in Paragraph (a). | 
A coil or reel shall be rejected if any individual measurement oj 


diameter or of area of cross-section is not within twice the limits of 
Paragraph (a). 


PHYSICAL PROPERTIES AND TESTS 
Tensile Properties 

8. (a) Each solid conductor and each strand previous to strand- 
ing shall be so drawn and annealed that after tinning it shall conform 
to the values in Table IT. 

After stranding, the tensile strength of each strand shall not 
exceed that specified in Table II by more than 5 per cent and the 
minimum elongation in 10 in. shall not be less than that specified in 
Table II by more than 5 per cent. 

(6) For nominal] diameters between listed sizes the requirements 
shall be those of the next larger sizes indicated in Table II. — 7 
Tension Tests 


9. (a) Method of Test.—Tension tests shall be made on fair 
samples and the elongation shall be determined as the permanent 


TaBLe II.—TeENsILE REQUIREMENTS OF CONDUCTORS. 


Size of Conductor Maximum Minimum 
Tensile Strength, | Elongation in 10{n., 
Diameter, in. A.w.g. Number per oq. 
36 000 30 
2 to 10 37 000 25 
12 to 24 38 500 20 
25 to 28 39 000 15 
40 000 10 


increase in length, due to the breaking of the wire in tension, measured 
between bench marks originally 10 in. apart. The specimen shall break 
between the bench marks and not closer than 1 in. to either mark. 

(b) Number of Tests —Samples shall be taken in accordance with 
Section 25. 

(c) Retests and Rejections.—If upon testing a sample from a coil, 
reel or spool of wire, the results are found to be above the stated 
value for tensile strength or below the stated value for elongation, 


tests upon two additional samples will be made and the average of 
the three tests shall determine acceptance or rejection. 


Conductivity 
10. The conductivity of the conductors after tinning shall be not 
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TaBLe II'.—Connuctivity REQUIREMENTS- 


DIAMETER, IN. A.w.G. NUMBER PER CENT 


0.460 to 0.290 
0.289 to 0.103 
0.102 to 
0.020 to 0.012 
0.011 to 0.003 


Note.—The above values for conductivity conform to the International An- 


nealed Copper Standard. (See Appendix!.) 
Tinning Test 

11. (a) The continuity of the tin coating of each sz sample before 
stranding or insulating shall be determined by the sodium polysulfide 
test which shall be made in accordance with the requirements of 
Sections 4 to 10, inclusive, of the Standard Specifications for Tinned 
Soft or Annealed Copper Wire for Rubber Insulation (A.S.T.M. Desig- 
nation: B 33) of the American Society for Testing Materials.! 

(b) Number of Tests.—Samples shall be taken in accordance with 
Section 25. 

(c) Retests and Rejections.—If the specimens tested in accordance 
with Paragraph (a) shows any signs of blackening, two more specimens 
shall be tested, If one of these two additional specimens shows any 
blackening, that coil or reel shall be rejected. If both specimens are 
free from any signs of blackening, the coil or reel shall be accepted. 
If more than 10 per cent of the samples in the entire order fail, all of 
the wire shall be rejected. If 10 per cent or less of the samples in 
the entire lot fail, each coil, reel or length may be tested and accepted 
or rejected upon the results of the individual tests. a 


(B) INSULATION 

Workmanship 

12. (a) Wires and cables ordered under these specifications shall 
be insulated with Class AO rubber compound. Where performance 
rubber compound is desired, the order shall be placed under the 
Tentative Specifications for Insulated Wire and Cable: Performance 
Rubber Compound (A.S.T.M. Designation: D 353 — 37 T),? and where 
heat-resisting compound is desired, under Tentative Specifications for 
Insulated Wire and Cable: Heat-Resisting Rubber Compound 
(A.\S.T.M. Designation: D 469-37 T)* of the American Society for 
Testing Materials. 

(6) The insulation shall consist of a properly vulcanized rubber 
compound which shall be homogeneous in character, tough, elastic 


41936 Book of A.S.T.M. Standards, Part I, p. 669. 


*See p. 1109. art 
Seep. 1086 
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and applied concentrically about the conductor and shall fit tightly 
thereto. Where the insulation is applied in more than one layer, 
adjacent layers shall be vulcanized into a homogeneous mass. 

(c) Shielding.—Braided cables not supported on insulators when 


_ operating at 6001 v. and over with the neutral grounded, or 3501 y, 
_ and over with the neutral ungrounded shall be shielded or suitably 


protected against corona. For special installations, such as braided 
cables connected to an overhead line, shielding may be provided at 


_ voltages lower than those given herein. 


All lead-covered multiple-conductor cables operating at 6001 v. 
and over with the neutral ungrounded shall be shielded or suitably 
protected against corona. 

The shielding shall consist of a tinned copper tape at least 3 mils 
thick or braid of fine tinned copper wires. 

(d) The insulation of braided wires up to No. 7 A.w.g., inclusive, 
shall be covered with a single cotton braid. In multiple conductor 
cables the individual conductors shall not be braid-covered unless so 
specified. On larger sizes the fibrous covering shall consist of a 
cable tape and a cotton braid or two cotton braids. The cable tape 
shall conform to the requirements specified in Sections 52 to 55, in- 
clusive. ‘The cotton braid shall be applied in accordance with Sec- 
tions 56 to 60, inclusive, and shall be finished in accordance with 
Sections 61 to 65. 

(e) Where repairs or joints are made in the insulation, the work 
shall be done in such manner that the repaired part of the joint, and 
all parts affected in the process, shall be as strong and durable elec- 
trically and mechanically as the remainder of the insulation and shall 
not exceed the limitations on the thickness specified i in Section 17. 


MANUFACTURE 


Composition 


13. (a) Class AO rubber compound shall contain exclusively not 
less than 30 per cent nor more than 33 per cent of the best quality 
Hevea rubber which has not previously been used in a rubber com- 
pound, solid waxy hydrocarbons, suitable mineral matter, antioxidants, 
organic accelerators, and sufficient sulfur to properly vulcanize the 
compound. 

(b) The mineral matter shall be dry. 7 al 

(c) The waxy hydrocarbons used shall be solid at 54° Te and 
shall be free from saponifiable matter. 

(¢@) Contamination of the compound, such as by the use of 
impregnated tapes, will not excuse the manufacturer from conforming 
to these specifications. y's: 
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Quantitative Requirements 


14. The insulation after vulcanization shall conform on analysis 


to the following requirements expressed as percentages by weight of 
the whole sample: 


Waxy hydrocarbons, per cent 
Free sulfur, per cent 


30 PER CENT 33 PER CENT? 
RUBBER*® RUBBER® 
Saponifiable acetone extract, max., per cent : 2.20 
Unsaponifiable resins, max., per cent j 1.10 
Chloroform extract, max., per cent a 1.00 
Alcoholic potash extract, max., per cent , 0.60 
Total eulfur, Max., PEF CORE. 2.30 


*For percentages between 30 and 33, the limits shall be in proportion to the percentage of 
rubber found. 


Qualitative Requirements 
15. (a) The acetone solution shall not fluoresce. 


(b) The hydrocarbons shall be solid, waxy and not darker than 
a light brown. 


(c) The chloroform extract (60 ml.) shall not be darker than a 
straw color. 


PHYSICAL PROPERTIES 
Physical Properties 


16. The insulation shall conform to the following requirements 
as to physical properties: 


Tensile strength, min., Ib. per sq. in 

Tensile stress at 200 per cent elongation, min., lb. per sq. in 

Elongation at rupture, min., per cent 

Set in 2-in. gage length, max., in 

Depreciation in tensile strength and elongation after oxygen bomb test, 

Depreciation in tensile strength and elongation after Geer oven test, max., 


30 per cent rubber 
33 per cent rubber 


“Por percentages between 30 and 33, the specific gravity limits shall be in proportion to the 
bercentage of rubber found. 


THICKNESS 
Thickness 


17. (a) The average thickness of the tesulation shall be not less 
than that given in Table IV. The minimum thickness shall be not 


n 
V, 
ly 
d AXIMUM MINIMUM 
it 30 | 
0.7 "= 
y 
| 
| 
° | 
a 
a 
4 
—— 
)0 
300 
400 F 
25 
| IS 
pecific gravity, min...... 1.67¢ 
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TABLE 1V.—THICKNESS OF INSULATION AND ALTERNATING TEST VoLTace, 


Norg 1.—Rated circuit voltage of alternating-current circuits is the voltage. 

Nore 2.—For an intermediate size of wire or an intermediate rated circuit voltage, the thickness and test voltage 
shall be that for the next larger size or higher rated circuit voltage. 

Norsz 3.—For non-leaded nine cables, #y in. should be added to the specified respective walls of insulation 
In this table for all sizes and voltag 

_ org 4.—Rated circuit ae from 0 to 5000 v. in this table apply to wire for use on grounded and ungrounded 


News 5.—Above 5000 v. alternating-current, special high-voltage rubber compounds —— 
manufacturer's recommendations. _ tage pounds are preferred according to 


Size of Conductor, Insulation Thickness on 
Rated Circuit Voltage A. w. g. Numbers or Circular Mils each Conductor, Test Voltage 
sixty-fourths of an inch 


1000 


225 000 to 600 000 cir. milis..... 
525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


ono 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


No. 1 to No. 0000 


— 


to No. 0000 
226 000 to 800 000 eis. mils... 
525 000 to 1 000 000 cir. mils. . 
Over 1 000 000 cir. mi 


Over 1 000 000 cir. 


No. 14 to No. 0000 
225 000 to 1 000 000 cir. 
Over 1 000 000 cir. mils 


000 000 cir. 
000 cir. mils 


> 
all 
SPEC 
less 
a tions 
‘ 
spec 
and 
TAB 
525 000 to 1000 000 cir. mils..... ....| 
Over 1 000 000 cir. mils............... : — 
601 to 1000.......... No, 
No, 1 
No. 
\ 
1001 to 2000......--- | 995 000 to 500 000 
000 No. 
250 
| 000 
g 
2001 to 3000......... 4 000 750 
" 225 000 to 500 000 cir. mils............ 000 1000: 
= | 525 000 to 1 000 000 cir. mils.......... 000 1250: 
: 7 Over 1 000 000 cir. mils............... 500 1500 
1750 
No. 14 to No. 8 nied 000 2.000 
No. 7 = 
10 12 500 
il 13 600 
No. 14 to No. iad 10 12 500 
No. 7 10 12 500 
0. 0. — 
4001 to 5000......--- | 995 000 to 800 000 cir. mils... il 13 500 No. 
7 525 000 to 1000 000 cir. mils.......... 11 13 500 No, 
oe 12 15 000 No, 
10 12500 No, 
5001 to 6000......... 13 500 No. 
No. ( 
7 No. 14 to No. 0000............ssee0e- 12 15 000 No. ( 
" 5001 to 6000......... 4 | 225 000 to 1 000 000 cir. mils.......... «412 15 000 25 
(ungrounded) Over 1 000 000 cir. mils............... _ 13 16 500 - 
| 6001 to 7000......... {| 225 000 to 1.000 000 cir. mils..........] il 13 500 1006 
(grounded) Over 1000 000 cir. mils............... 6 15 000 ta 
No. 8 to No. 14 "17500 1754 
: 6001 to 7000......... 4 | 225 000 to 1 000 000 cir. mils.......... 14 17 500 200 
(ungrounded) Over 1000 000 cir. mils............... 15 19 000 Ain 
No. 8 to No. 0 ESSE re | 12 15 000 
to 8000......... } | 225.000 to mils. ; 12 15 000 br: 
(grounded) Over 1000 16 500 ms 
: ; 7001 to 8000......... 4 | 225 000 to 1000 000 cir. mils.......... 16 20 000 
(ungrounded) Over 1000 000 cir. mils............... 17 21000 
nes 
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less than 95 per cent of the thickness required by Table IV for insula- 
tions less than ¢z in. in thickness and not less than 90 per cent of the 
cified thickness for insulations of ¢z in. and greater. 
(6) The thicknesses in Table IV apply to single conductor cable 
and the individual conductors of multiple conductor cables, leaded or 


TaBLE V.—INSULATION RESISTANCE, MEGOuMs-1000 Fr. aT 60°F. (15.5°C.). 
Nors 1.—This table is based on a constant, K = 21 120 in the following formula: 
R=K loge 9: where R = resistance in megohms-1000 ft., K = constant. 


D = diameter over insulation, on each conductor, and d = diameter over conductor. 
Nors 2.—For an intermediate size, the insulation resistance shall be that of the next larger size. 


Sise of Conductor, Insulation Thickness in Sixty-fourths of an Inch 
A. w.g. Numbers 
or Circular 


1b. 


: 


DODO COCO tom! 


8888 


— 


SESS 


t 


S 


$8888 
S 


500 000 cir. mils. .| S 
750 000 cir. mils. .| § 
1000 000 cir. mils. .| S 
1250 000 cir. mils. .| St 
1500 000 cir. mils. .| St 
1750 000 cir. mils. . i 
2000 000 cir. mils. .| Stranded 


Size of Conductor, ; Diameter Insulation Thickness in Sixty-fourths of an Inch 
A. w. g. Numbers i 
or Circular Mils 


r+ 


Stranded 


braided, except special applications such as aerial, non-leaded sub- 
marine, and vertical riser cable. 


Note.—In Appendix II will be found an interpretation of the insulation thick- 
nesses given in Table IV. 


—_— 
| 
Jon : 
Jed 
to 
= | Solid | | 
No. Solid 17 650 
Wa Solid 15 850 
No10...........--| Solid 14 150 
12 550 
No. Stranded 10 200 =) 
No. Stranded 8 850 
No. Stranded 7 600 
No. Stranded 6 950 
No, Stranded | 0.470 | .... | | oe § 400 
No. 0000...........| Stranded | 0.528 4900 
250 000 cir. mils randed| 0.575 4 600 
$50 000 cir. mils. .| Stranded | 0.681 | .... | 4 000 
13 14 15 16 17 
0.128 13 100 13 600 14 100 14 600 14 900 
NO, Stranded | 0.184 10 650 11 150 11 500 12 000 12 450 
| eee ae 9 300 9 700 10 100 10 500 10 900 
NO, Stranded} 0.292 7950 8 400 8 800 9 150 9 500 
7 350 7 650 8 000 8 400 8 750 
ens 6 750 7 050 7 400 7 800 8 100 
Stranded] 0.418 6 200 6 500 6 900 7 150 7500 
Stranded | 0.470 5 700 6 150 6 350 6 650 6 900 
Stranded} 0.528 5 200 5 500 5 800 6 050 
250000 cir. mils...............] Stranded] 0.575 4 900 5 200 5 450 5 750 
350000 cir. mils...............] Stranded| 0.681 4 250 4 500 4700 4 950 
500 000 cir. mils...............] Stranded] 0.814 3 700 3 950 4 150 4 350 
750000 cir. mils...............] Stranded] 0.998 3 100 3 300 3 500 3 700 
1000000 cir. Stranded} 1.152 2 750 2 950 3 100 3 300 
1250000 cir. Stranded] 1.289 2 500 2 650 2 850 3 000 
1500000 cir, Stranded} 1.412 2 300 2 450 2 600 2700 
1750000 cir. mils.............. | Stranded 1.526 2 150 2 300 2 450 2 600 - 
2.000 000 cir mils 1 631 9050 9900 92M) 9450 
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ELECTRICAL PROPERTIES 
High Voltage Test 
18. Each coil, reel, or length of wire or cable, after veesbidie 
shall successfully withstand the application of an alternating Voltage 
of not less than that prescribed in Table IV for a period of 5 minutes, 
(See Sections 47 and 48.) 


Insulation Resistance 


19. Each coil, reel, or length of wire or cable after being subjected 
to the high voltage test specified in Section 18 shall have an insu. 
lation resistance not less than that given in Table V. = 


Moisture Absorption 


20. (a) The increase in the specific inductive capacity of the 
insulation shall be used as an indication of the amount of moisture 
absorbed. 

(b) The specific inductive capacity after 24-hr. immersion in 
water shall not exceed six. The increase between the ends of the 
first and the fourteenth days shall not exceed 20 per cent and that 
between the ends of the seventh and fourteenth days, 5 per cent. 

(c) The specific inductive capacity shall be determined at either 
1000 or 60 cycles. Where measured at 1000 cycles, the voltage 
impressed upon the conductor shall not exceed 10 volts. Where meas- 
ured at 60 cycles, the voltage impressed upon the conductor shall 
be equivalent to a stress of between 30 to 40 volts per mil of insulation. 

(d) The measurements shall be made as described in Section 51. 


METHODS OF TESTING 

CHEMICAL ANALYSIS | 

Sampling 
21. Samples of the vulcanized rubber compound for chemical 
analysis shall be taken after the successful completion of the physical 
and electrical tests, and before applying impregnating compounds 
which may contaminate the rubber. The samples shall be taken at 
the option of the purchaser. The purchaser shall assure himself that 
all samples are free from contamination and change due to torch heat- 
ing. Wherever practicable, samples shall be taken at a distance of 

at least 3 ft. from the end of the wire. sce 


Procedure 


22. The insulation shall be analyzed in accordance with the 
Complete Procedure as described in the Standard Methods of 
Chemical Analysis of Rubber Products (A.S.T.M. Designation: 
D 297) of the American Society for Testing Materials.' 


11936 Book of A.S.T.M. Standards, Part II, p. 1249. 
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Rejection and Retests 

23. The purchaser may make a chemical analysis on any one of 
the samples selected as described in Section 21 to determine if the 
compound conforms to the requirements of Sections 14 and 15. 
Failure of any sample selected to conform to the requirements shall 
be sufficient cause for rejecting the wire which that sample represents, 
except in the case of failure to conform to the requirements for either 
or both free sulfur and chloroform extract. In case of such failure, 
the coil from which the sample was taken shall be rejected and two 
additional samples shall be selected from the remainder of the order. 
The remainder of the order shall be accepted if both samples so selected 
conform to the requirements for free sulfur or chloroform extract. 
The entire order shall be rejected if either sample fails. = = 


SPECIFIC GRAVITY 
Specific Gravity 
24. The specific gravity shall be determined in accordance with 
Section 14 of the Standard Methods of Chemical Analysis of Rubber 
Products (A.S.T.M. Designation: D 297) of the American Society 
for Testing Materials.’ 


TENSILE STRENGTH, SET AND ELONGATION AT RUPTURE _ 


Sampling for Physical Tests 
25. (a) Wire up to and including 250,000 cir. mils in size shall _ 
be sampled in accordance with the following requirements: 
Quantity or Wire NuMBER OF SAMPLES 
2000 ft. and under 
2001 to 10,000 ft 
10,001 to 100,000 ft 5 plus 1 for each 10,000 ft. additional over 10,000 ft. 
100,001 to 500,000 ft 14 plus 1 for each 25,000 ft. over 100,000 ft. 
(6) For wire larger than 250,000 cir. mils, one sample shall be 
selected from quantities between 1000 and 2000 ft. and for larger 
quantities double those specified in Paragraph (a). 
Test Specimen 
26. (a) Size.—The test specimen may be the entire section of the 
insulation in the case of small wires, but in the case of wire and cable 
of No. 6 A. w. g. and larger or with an insulation thickness greater 
than 5 in., samples approximately square in section shall be cut from 
the insulation with a cross-section not greater than 0.025 sq. in. The 
test specimen shall be as free as possible from surface incisions and 
imperfections. 
Note.—The removal of the rubber insulation can be greatly accelerated and 
‘ most cases a test specimen which is an entire section can be obtained free from 
"11936 Book of A.S.T.M. Standards, Part II, p. 1249. 
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surface incisions and imperfections by means of metallic mercury. The mercury 
should be introduced at one end of the sample between the insulation and the tinned 
surface of the conductor, and the sample inclined on a support with the end to 
which the mercury is applied at the top. The separation of the rubber insulation 
results from the amalgamation of the tin of the conductor with the mercury. The 
amalgamation is assisted by first immersing and rubbing the tinning on the exposed 
end of the conductor in the mercury. 


(b) Condition and Age.—Specimens shall not be heated, immersed 
in water or subjected to any mechanical or chemical treatment not 
specifically prescribed in these specifications. Specimens for acceler. 
ated aging tests shall be taken from the completed wire after the 
application of the specified covering and shall be aged with all such 
covering removed. No tests shall be made within 24 hours nor later 
than 60 days after vulcanization unless agreed to by the manufacturer. 

(c) Buffing.—In the event of any irregularities on the surface of 
the test specimen including corrugations from large strands, it shall be 
made smooth and of uniform thickness by buffing. 


Calculation of Area 


27. Calculation of the area of the test specimens shall be made as 
follows: 

(a) Where the total cross-section of the insulation is used, the 
area shall be taken as the difference between the area of the circle 
whose diameter is the minimum average outside diameter of the 
insulation and the area of the conductor. The area of a stranded 
conductor shall be calculated from its maximum diameter. 

(b) Where a slice cut from the insulation by a knife held tangent 
to the wire is used, and the slice so cut has the cross-section of a seg- 
ment of a circle, the area shall be calculated as that of the segment 
of a circle whose diameter is that of the insulation. The height of the 
segment is the wall of insulation on the side from which the slice is 
taken. (The values may be obtained from a table giving the areas 
of segments of a unit circle for the ratio of the height of the segment 
to the diameter of the circle.) 

(c) Where the cross-section of the slice is not a segment of a 
circle, the area shall be calculated from a direct measurement of the 
volume or from the specific gravity and the weight of a known length 
of the specimen having a uniform cross-section. 

(d) Where a portion of a sector of a circle has to be taken where 
the conductor is large and the insulation thin, the area shall be calcu- 
lated as the thickness times the width. (This applies either to 4 
straight test piece or one stamped out with a die, and assumes that 
corrugations have been removed by buffing.) 
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(e) Where a portion of a sector of a circle has to be taken where 
the conductor is large and the insulation thick, the area shall be cal- 
culated as the proportional part of the area of the total cross-section. 
Temperature at Test 

28. Physical tests shall be made at a room temperature not less 
than 65° F. (18° C.) nor more than 90° F. (32° C.) and the test 
specimen shall have been kept at the room temperature not less than 
30 minutes prior to the test. 

Tension Testing Machine 

29. The tension testing machine shall be power-driven and pre- 
ferably of the pendulum type. The machine shall be accurate within 
1 per cent of the breaking load. A spring balance type of apparatus 
may be used if provided with a device which will indicate the actual 
maximum load at which rupture takes place and if provision is made 
to prevent recoil of the spring. ; 

Tensile Strength Test Procedure 

30. The tensile strength test shall be made on a specimen which 
has not been previously stretched. The specimen shall have a length 
of not less than 6 in., and shall be marked with gage marks 2 in. 
apart and placed in the jaws of the testing machine with a maximum 
distance between jaws of 4 in. The specimen shall be stretched at 
the rate of 20 in. per minute (jaw speed) until it breaks. The test 
specimen shall break between the gage marks. ‘The tensile strength 
shall be calculated upon the area of the original specimen. 


Tensile Stress Test 


31. The tensile stress test shall be made in conjunction with the 
tensile strength test by recording the load when the 2-in. gage length 
marks are 6 in. apart, that is, at 200 per cent elongation. ‘The tensile 
stress shall be calculated upon the area of the original specimen. 
Elongation at Rupture Test Procedure 

32. The percentage of elongation at rupture shall be determined 
simultaneously with the tensile strength and on the same specimen. 

The elongation at rupture shall be taken as the distance between 
gage marks at rupture less 2 in. (the original gage length of the set 
test specimen). The percentage of elongation at rupture is the 
elongation in inches divided by the original gage length (2 in.) and 
multiplied by 100 to express as a percentage. 

Set Test Procedure 


33. The set test shall be made on a separate test specimen having 
a length of not less than 6 in. and marked with gage marks 2 in. apart. 
The specimen shall be placed in the jaws of the testing machine with 
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. 4 a maximum distance between jaws of 4 in. and shall be stretched at 

the rate of 20 in. per minute (jaw speed) until the gage marks are 
6in. apart. The test specimen shall then be released within 5 seconds 
and the distance between gage marks shall be determined 1 minute 
after the beginning of release. The set is the difference between this 
length and the original 2-in. gage length. 


Retests, Physical Properties 7 
34. Where tested in accordance with Sections 30, 31, 32 and 33, 
_ if a specimen fails to conform to any one of the requirements for 
tensile strength, tensile stress, set, or elongation at rupture specified 
in Section 16, two additional specimens shall be taken from the same 
sample and tested, and the average of the results shall determine 
whether the material conforms to the requirements 


Acinc TESTS 
Sampling for Aging Tests 


35. For aging tests the wire shall be sampled as follows: - 


_ No samples shall be selected where the quantity is less than 
2000 ft. of wire or cable. 

For sizes less than 250,000 cir. mils, one sample shall be selected 

_ for each quantity ordered between 2000 ft. and 50,000 ft. of 

wire or cable and one additional sample for each additional 
50,000 ft. thereafter. 

For sizes 250,000 cir. mils and over, one sample shall be selected 

for each quantity ordered between 2000 ft. and 25,000 ft. of 

wire or cable and one additional sample for each additional 
25,000 ft. thereafter. 


Test Specimens 

36. Nine test specimens of similar size and shape shall be pre- 
pared from each sample selected in accordance with Section 35, three 
for the determination of the initial or unaged properties, three for the 
oxygen bomb test and three for the Geer oven test. One specimen of 
each three shall be tested and the other two held as spares except that 
where only one sample is selected all three specimens shall be tested 
and the average of the results reported. 


Aging Test Conditions 

37. (a) In the case of wire and cable smaller than No. 6 A.w.g. 
with an insulation thickness less than 33; in., the insulation shall be 
heated in the oxygen bomb and in the Geer oven without removing 
the conductor. 

(0) In the case of wire and cable of No. 6 A.w.g. and larger or 
with an insulation thickness greater than 3 in., samples approxi- 
mately square in section shall be cut from the insulation with a cross- 
section not greater than 0.025 sq. in. 
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(c) Die-cut samples shall be buffed before being subjected to the 
accelerated aging test wherever the thickness of the sample is 3 in. 
or greater after buffing. 

(d) The test specimens shall have no protective covering and 
shall be suspended vertically in such a manner that they will not come 
in contact with each other or with the sides of the bomb or oven. 

(e) Physical tests on both aged and unaged specimens shall be 
made at the same time. ‘The aged specimens shall have a rest period 
of not less than 16 hr. nor more than 48 hr. between the completion 
of the aging and the determination of the physical properties. 


Oxygen Bomb Test 


38. The test specimens shall be heated in an atmosphere of oxygen 
at a pressure of 300 lb. per sq. in. at a temperature of from 157 to 
159° F. for a period of 96 hours. The weight of the rubber in the bomb 
shall not be over 2 g. per cu. in. of bomb space. The bomb pressure 
shall be reduced at a uniform rate, requiring at least two minutes, 
when specimens are removed. ‘The bomb temperature shall be 


recorded automatically on a chart. 


Gear Oven Test 


39. The test specimens shall be heated at a temperature of from 
157 to 159° F. for a period of 96 hours in an oven having a free 


circulation of fresh air. ‘The oven temperature shall be recorded 
automatically on a chart. 


Retests, Aging =_~ 
40. Should the first set of specimens selected under Section 35 
fail to meet the specifications, two other sets of specimens shall be 


tested and if either of these sets fails, the coils, reels or lengths will be — 
rejected. 


Rejection 

41. When ten or more samples are selected in any inspection lot, 
all coils, reels or lengths may be rejected if more than 10 per cent of 
the samples fail. If 10 per cent or less fail, each coil, reel or length 
may be tested and shall be accepted or rejected upon the results of 
such individual tests. Where the number of samples selected in any 
inspection lot is less than ten, all coils, reels or lengths shall be rejected 
if more than 20 per cent of the samples fail. If 20 per cent or less 
fal, each coil, reel or length may be tested and shall be accepted or 
tejected upon the result of such individual tests. 
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_ THICKNESS 
Apparatus 
42. The thickness measurements may be made with any type of 
micrometer reading to 0.001 in., suitable for measurements of this 


Number of Measurements 

43. Where the lot of wire to be inspected consists of two coils or 
reels or less, at least one determination of the thickness shall be made 
on each coil or reel. Where the lot consists of more than two coils 
or reels and less than 20 coils or reels, at least one determination of 
the thickness shall be made on each of two coils or reels taken at 
random. If the lot consists of 20 or more coils or reels, not less than 
10 per cent of the coils or reels shall be selected at random and at 
least one determination of the thickness made on each coil or reel so 
selected. 


TABLE VI.—TEMPERATURE COEFFICIENTS. 


Temperature Temperature 
Temperature Temperature 
Coefficient Coefficient 
Deg. Deg. Deg. Deg. 
Fabrenhelt Centigrade Fahrenheit Centigrade 
46 7.8 0.69 61 16.1 1.03 
47 8.3 0.71 62 16.7 1.05 
48 8.9 0.73 63 17.2 1.08 
49 9.4 0.75 64 17.8 1.11 
60 10.0 0.77 65 18.3 1.14 
51 10.6 0.79 66 18.9 1.17 
52 11.1 0.81 67 19.4 1.20 
53 11.7 0.83 68 20.0 1.23 
54 12.2 0.85 69 20.6 1.26 
55 12.8 0.88 70 21.1 1.30 
= 56 13.3 0.90 71 21.7 1.33 
67 13.9 0.92 72 22.2 1.37 
58 14.4 0.94 73 22.8 1.40 
59 15.0 0.97 74 23.3 1.44 
60 15.6 1.00 75 23.9 1.48 
Procedure 


44. The average thickness of the insulation shall be taken as 
one-half the difference between the mean of the maximum and mini- 
mum diameters measured at any one point and the average diameter 
of the conductor measured at the same point. The minimum thick- 
ness shall be taken as the difference between a measurement made 
over the conductor plus the thinnest wall and the diameter of the 
conductor. (The first measurement is made by “slicing off” the 
heavier side of the insulation.) 

In the case of multiple-conductor cable, the measurements shall 


be made on the individual wires before being cabled. 
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Rejection 


45. If the thickness of the insulation of any coil or reel is found 
to be less than the specified value, that coil or reel shall be rejected 
and a thickness measurement on each of the remaining coils or reels 

shall be made. 


ELECTRICAL TESTS 
Place of Testing 


46. Electrical tests of wire and cable shall be made at the place | 
of manufacture. 


47. The high voltage test shall be made with alternating potential 
from a transformer and generator of ample capacity and in no case 
less than 5 kva. The frequency of the test voltage shall be not 
greater than 100 cycles and shall have a wave shape approximating 
as closely as possible a sine curve. oe 


Rate of Application 


48. The initially-applied voltage shall be not greater than the 
rated voltage and the rate of increase shall be approximately uniform 


and not over 100 per cent in 10 seconds nor less than 100 per cent in 
60 seconds. 


High Voltage Testing 


49. (a) General—Where insulated conductors are subjected to 
a high voltage test in water they shall be immersed in a grounded 
water bath and tested while still immersed. 

(b) Single Conductor.—Single conductors shall be tested after — 
12-hr. immersion and without covering except a tape or braid applied 
before vulcanization. 


Rubber-sheathed conductors shall be immersed and tested after 
the sheath is applied. 

Where a metallic sheath is applied, the conductors shall be 
retested against the sheath. 

Single-conductor cables shall be tested between conductor and 
sheath or water in which they are immersed at the test voltage required 
by Table IV. 

(c) Multiple Conductor.—The individual conductors of multiple- 


conductor cables shall be tested before assembling as prescribed in 
Para h (b 
graph (0). 
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After assembly each conductor shall be tested against the adjacent 
conductors. Where a metallic sheath is applied each conductor shall 
in addition be tested against the sheath. 

Cables having a rubber or other non-metallic waterproof sheath 
shall be immersed for 12 hr. and the conductors tested against ground. 
Cables covered with cable tape and braid or double braid with a 
weather-resistant finish shall not be immersed for testing. 

Multiple-conductor cables after RY shall be tested at the 
test voltage required by Table IV. 


Insulation Resistance 


50. (a) The insulation resistance shall be measured after the 
high-voltage test has been made and while the wire or cable is still 
immersed in water. The measurement shall be made after one- 
minute electrification with a continuous e.m.f. of from 100 to 500 
volts, the conductor being maintained negative to the water. The 
temperature of the water shall be within the limits given in Table VI. 


Temperature Coefficient 


(b) If the temperature at which the insulation resistance was 
measured differs from 60° F. (15.5° C.), the resistance shall be reduced 
to that at 60° F. (15.5° C.) by multiplying the measured value by 
the coefficient in Table VI corresponding to the temperature at which 
the measurement was made. 


Moisture Absorption Test 

51. (a) A 15-ft. sample of the insulated wire or cable shall be 
taken after vulcanization and prior to the application of any coverings 
except tape applied before vulcanizing. Such cable tape shall be 
removed before making the moisture absorption test. ‘The middle 
10 ft. of the sample shall be immersed in distilled water for a period of 
14 days with the 2}-ft. portion at each end kept above the water as 
leakage insulation. The three measurements specified in Section 20 
shall be taken with the water at the same temperature. ‘The water 
shall be maintained at room temperature, but not less than 70 F. 
(21 C.). 

(b) The specific inductive capacity of the insulation shall be 


determined at commercial frequencies and ‘shall be calculated « as 
follows: 


Specific inductive capacity = 13,600 C logio ‘i 
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: = the diameter over insulation; and 
= the diameter over conductor. 


- moisture absorption test shall be made only when n requested a 


by the purchaser. 4 


Material 

52. Cable tape shall be made from cotton cloth having a weight 
of not less than 1 lb. per 4 yd. based on a width of 36 in. and not less r 
than 56 by 60 picks per inch, and shall be frictioned on both sides 
and thoroughly filled with a rubber compound. The nominal thick- 
ness shall be 0.012 in. and not less than 0.011 in. 


where C = the capacity in microfarads of 10 ft. of sample; _ 


(C) CABLE 


TaBLeE VII.—WIpDTH AND OVERLAP OF RUBBER-FILLED CABLE TAPE. 
Maximum WiptH MINIMUM 


DIAMETER OVER oF TAPE, OVERLAP, 
INSULATION, IN. IN. IN. 
34 
0.16.. ts 
TaBLe VIII.—TANGENT OF ANGLE OF BRAID. 
VALUE OF CORRESPONDING 
Diameter UNDER BRAID, IN. TANGENT Braip ANGLE, DEG, 


Application 

53. The tape shall be applied helically and may be applied before 
vulcanization. The maximum width and minimum overlap shall 
conform to the values in Table VII. 
Intermediate Diameters 

54. For intermediate diameters the requirements shall be those _ 


of the next smaller diameter indicated in Table VII. ; 
Number of Tests 


55. Samples shall be taken at the option of the purchaser. 
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(D) COTTON BRAID 
Braids 
56. (a) ‘Two types of cotton braid are covered in these specifica- 
tions, namely, standard braid and heavy braid, as follows: 


- Standard Braid is designed for indoor service and installation 


in conduits. 
_ Heavy Braid is designed for outdoor and rough service. 


_ (0) Unless otherwise specified, standard braid shall be supplied 
under these specifications. 


Material 


57. Cotton braid shall be closely woven from cotton thread 
having not less than two plies. 


TABLE IX.—Mu1nimuM THICKNESS OF STANDARD BRAID. 


CORRESPONDING 
MrinimuM THICKNESS SIZE AND 
oF BRAID, IN. Pry or Cotton Yarn 


DIAMETER UNDER BRAID, IN, 


DIAMETER UNDER BRAID, IN. 


Minimum THICKNESS 
oF BRAID, IN. 


TABLE X.—Mu1nimuM THICKNESS OF HEAvy BRAID. 
CORRESPONDING 


SIZE AND 
of CoTTon YARN 


0.045 4/2 
0.056 4/3 


Construction 


58. (a) The braid shall be so constructed that the tangent of the 
angle between the cotton thread and the side of the wire shall be not 
less than that specified in Table VIII. 

(b) The thickness of standard braid shall be not less than that 
specified in Table IX and that of heavy braid not less than that 
specified in Table X. 

(c) The number of carriers and the number of ends per carrier 
used in applying the braid shall be optional providing all other limita- 
tions of Sections 57 and 58 are met. However, the picks per inch 
shall be not less than the value as calculated by the following formula: 


SPECIFICATIONS FOR RUBBER INSULATED WIRE (D 27-37 T) 1089 


where P = the picks per inch; _ 
T = the thickness of braid, in inches; T = 2¢ _ 


0.0279 K 
VS 
2 ply = 1.60 


= cabling factor for plied yarn; values of K are: { 3 ply = 2.00 
: 4ply 2.36 


= the thickness of one end of cotton, in inches; ¢ = 


S = the cotton ply, size or number; 

E = the number of ends per carrier; - 

C = the number of carriers; oe 

D = the diameter under braid, in inches; 

M = the space between each set of carrier threads, in inches; 


M =X (0.011 + 7.0 #E’) 
( DIAMETER UNDER 


X = the closeness constant in 


0.501 and over 
For convenience in calculating the more usual braid constructions, 
the formula for picks may be reduced to: 


Values of Y for some of the most commonly used cottons are: — 


Values of Y 


For Diam 
Thickness o Braid, 7 | For Diameters Under For Diameters 0.501 in. and Over 


3 End | 4 End 6 End | 7 End 


Numper of CARRIERS 


Values of Z for the standard braiders are: 
VALuEs oF Z 


1) 
| 
K > 
) 
N 
| 
Yarn : 
2End|3 End | 4End|5End|2End 8End 
30/2 | 0.0163..............-..| 1081} 692| 958] |... |... 
14/2 | 616 | 302] 168] 103] 664| 324] 180] 111) | 
12/2 | 538 | 257] 142] 85] 582| 276] 152| 921 “40 | 
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imes 


1.64 t 


In wires use 


(d) For braid over tw 
_ diameter to determine the proper bra 


i 


(e) Where two braids are specified, the outer braid shall be 


Where the diameter 


i 


change-over limit is such that Table IX or Table X and this section 


determined by the diameter over the inner bra 
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TABLE XI.—BRAID. 


Thick-| Diam- 


of |Braid,| Avg. 
Ends | Mini- (DE 


No. 


Sranparp Braip 


Size 

and 

Ply 
t- 


D, in. 


Diameter Under Braid, of 
3 


i 


d outer braids except that picks per 


inch and angle of braid for inner braid shall be governed by the 


construction of the machine. 


d outer braids, both 


inner an 
braids may be of the size of yarn as required on the outer braid. 


inner an 


izes of yarn on the 


different s 
(f) Where two braids are applied in one operation, these spec 


cations shall apply to the 


require 
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um | 
| 
..| 30/2 | 2 |0.0163/0. | | oe 
..| 30/2 | 2 |0.0163)0. | wi! 
..| 30/2 | 2 |0.0163)0. 0}... 
..| 26/2 | 2 |0.0175)0. 9126. 
..| 26/2 | 2 10.0175)0. 7127. 
..| 20/2 | 3 [0.020 10.396 O 
..| 20/2 | 3 {0.020 [0.445 O m 
-600..........] 20/2] 3 10.020 10.570 m 
.200..........] 12/2 | 4 10.0258]1.125 
18/2 | 4 10.025811.376 
.000.........) 8/2] & |0.0316/2.532 7.1172.2] 6.9|66.2 ir 
Heavy 
20/2 | 2 [0.020 |24.6158.3/21. 
20/2 | 2 10.020 125.7164.6]23 8 
20/2 | 2 10.020 126.9170.4125 0 
‘ 8/2] 3 [0.0316/0.732 ... ant 
--| 8/2] 3 |0.0316]/0.932 72. 31120165 .0]10.8153.0 
6/2] 2 10.037 [1.137 de: 
--| 6/2] 2 0.087 [1.387 117.2177. 7116.8)71.8 
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4/3 3 10.0556/2.556 6 6172.81 6.3164.6 
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(g) These specifications do not apply to braids for fixture wire 
or to fancy or special braids. 

(h) In Table XI are tabulated the required picks per inch as 
calculated by the formula in Paragraph (c) and the corresponding 
braid angle for braids applied with the minimum size and ply of 
cotton, and a definite number of ends per carrier. However, it is not 
the intent of these specifications to limit the braids to the scope of 
Table XI since heavier cottons or a variation in ends per carrier are 
permissible providing all requirements of Sections 57 and 58 are 
fulfilled. 


Measurements 
59. The various quantities shall be determined as follows: 
Diameter Under Braid, by a suitable micrometer reading. 
Number of Carriers and Ends per Carrier, by examination of braid. 
Picks per Inch, on a 4-in. sample after wiping off outside of braid 


with chloroform. 
Angle of Braid by formula: Tangent of Angle = ar a +7) 


Thickness of Braid (2 X diameter of single end of cotton), by 
measuring 25 per cent of the total number of threads with a paper 
micrometer having a foot 0.4 in. in diameter under a weight of 50 g. 
The sample of braid on which the average diameter is -determined 
shall be prepared by immersing a 2-in. length of sample in chloroform 
in a suitable container for 5 minutes, decanting and repeating for 
| minute, and removing and drying it thoroughly by pressing it be- 
tween cheese cloth. 

60. Samples shall be taken at the option of the purchaser. 

(Z) FINISH 


Finish 


61. The braid shall be completely saturated and finished with a black _ 
moisture-resistant compound. ‘The surface of the wire shall be smooth 
and free from tackiness. ‘The finish shall be capable of meeting the tests 
described in Sections 62 to 65, inclusive. Single conductor 600-v.. wire 
for building purposes is required by the National Electrical Code to have a 
lame-proof finish. Where Underwriters jurisdiction applies the finish and 


tests shall be in accordance with Underwriters standards. 


62. (2) Sample——Each sample for the bend test shall be wrapped as 
specified in Paragraph (b) around a mandrel of the diameter given in the 
following table: 
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RATIO OF Manpret 
DIAMETER T0 
Outsiwe Diameter 


SAMPLE, IN. OF WIRE oR Casie 


(b) Test Procedure-—The samples shall be held at a temperature of 
32 F. (0 C.) for approximately 1 hr. before bending, and upon removal 
from the cooling chamber shall be wrapped upon the mandrel at an approx- 
imately uniform rate not greater than 12 turns per minute. Single con- 
ductor No. 2 A.w.g. and smaller shall be wrapped three times around the 
mandrel; when requested single conductor wires larger than No. 2 A.w.g. 
and any multiple conductor shall be wrapped once around the mandrel. 

(c) Flaking and Cracking —The finishing material shall not flake off 
the wire or cable during the bend test or as a result of the bend test with- 
out actually rubbing the surface of the wire. Cracking of the finish will 
not be cause for rejection. 


Melt Test 


63. A piece of clean white glazed paper shall be wrapped around a 
6-in. sample of finished wire or cable and this shall be suspended hori- 
zontally in an electrically heated oven, equipped with suitable automatic 
temperature control, which has been heated to 125 F. (52 C.) and the 
wire or cable shall be maintained at this temperature for 30 min. ‘The 
wire or cable with the paper wrapping shall be cooled before inspection. 
The wire shall be rejected if the compound becomes sufficiently fluid to be 
transferred to the paper or form a ridge perceptible to the finger upon it. 


Drip Test 


64. Samples for the drip test shall be cut in lengths of 6 in. and the 
wire bared for a distance of 3 in. from each end. The sample with one end 
secured in a suitable clamp shall then be suspended at an angle of 45 deg. 
in an electrically heated oven, equipped with suitable automatic tempera- 
ture ‘control, which has been heated to 180 F. (82.2 C.) and the wire or 
cable shall be maintained at this temperature for 1 hr. At the end of this 
time the compound shall not have dripped, flowed onto the surface of the 
lower bared end of the conductor, formed globules on the lower side of 
the sample or bubbles upon its surface. 


Saturating and Finishing Compounds 


effect upon the rubber insulation or the coverings during application. _ 


65. The saturating and finishing compounds shall have no injurious 
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(F) LEAD SHEATHS 

Composition 

66. (a) Lead sheaths shall consist of Grade II Chemical Lead or 
Grade III Common Lead not less than 99.85 per cent pure as specified 
in the Standard Specifications for Pig Lead (A.S.T.M. Designation: 
B 29) of the American Society for Testing Materials.'| It shall be 
obtained from properly branded pig lead. 

(b) Lead sheaths shall be tightly formed around the core of the 


Thickness 


67. Lead sheaths shall have an average thickness not less than 
that indicated in Table XII and the minimum thickness shall in no 
place be less than 90 per cent of the required average thickness. 


TABLE XII.—THICKNESS OF LEAD SHEATHS. 


THICKNESS OF SHEATH IN 
DiaAMETER OF CORE, SIXTY-FOURTHS OF AN INCH 
Over 3.000 


2.001 to 3.000 
1.501 to 2.000 
1.051 to 1.500 
0.701 to 1.050 
0.426 to 0.700 
0.000 to 0.425 


* Por twin cables, use the major axis. 
Measurement 


68. A short section of the lead sheath shall be removed from the 

wire or cable and the thickness measured with a suitable micrometer 

caliper at not less than ten points, approximately equally spaced, 
care being taken to include the thinnest and the thickest parts. _ a 


(G) INSPECTION AND REJECTION 
Inspection and Test 

69. (a) Inspection shall be made prior to shipment and at the 
place of manufacture. 7 

(6) The manufacturer shall notify the purchaser sufficiently in 
advance of the completion of the wire or cable to permit of arrange- 
ment of inspection. 

(c) The inspector representing the purchaser shall have free 
entry at all times, while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the wire ordered, except compounding room. 
The manufacturer shall afford the inspector, without charge, all reason- 


11936 Book of A.S.T.M. Standards, Part I, p. 678. 
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able facilities to satisfy him that the wire is being furnished in accord. 
ance with these specifications. 

(d) The purchaser at his option may make the various tests on 
samples in his own laboratory or elsewhere, but such tests shall be 
made at the expense of the purchaser. 


70. Each coil, reel or length which fails to comply with the 


physical and electrical requirements of these specifications shall be 
rejected. 


Rehearing 


71. Samples of rejected material shall be preserved for two weeks 
from date of test report. In case of dissatisfaction with the results 
of test, the manufacturer may make claim for a rehearing within that 


time. Sealed duplicate samples may be retained by the manufacturer 
at his option. 


APPENDIX I 


ANNEALED COPPER STANDARD! 


The following shall be taken as normal values for standard 
annealed copper: 

(a) Resistance.—At a temperature of 20° C. the resistance of a 
wire of standard annealed copper 1 meter in length and of a uniform 
section of 1 sq. mm. is x ohm = 0.017241 ohm. 

(b) Density.—At a temperature of 20° C. the density of standard 
annealed copper is 8.89 g. per cu. cm. 

(c) Temperature Coefficient of Resistance.—At a temperature of 
20° C. the “constant mass” temperature coefficient of resistance of 
standard annealed copper, measured between two potential points 
rigidly fixed to the wire, is 0.00393 = 1/254.45 per degree Centigrade. 

(d) Other values of resistivity of standard annealed copper at 
20° C. deduced from Paragraphs (a) and (5) are as follows: 

Resistance of a wire of uniform section, 1 meter long and 

weighing 1 g. = 0.15328 ohm. 

Resistance of a wire with a uniform section of 1 cir. mil and 

1 ft. long = 10.371 ohm. 
Resistance between opposite faces of 1 cu.cm. = 1.7241 microhm. 
Resistance between opposite faces of 1 cu. in. = 0.67879 microhm. 


1 Extracts from American Institute of Electrical Engineers’ Standard No. 30 (1932). 
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APPENDIX II 


INTERPRETATION OF INSULATION THICKNESSES OF TABLE IV 


For series-street-lighting cable, use the following procedure: 

Al. (a) If the transformer is not equipped with protectors, use the open 
ircuit secondary voltage of the transformer as rated voltage of the cable 
and select the proper wall thickness from Table IV. 

(b) If the transformer is equipped with protectors, use the closed or loaded 
secondary voltage of the transformer as the rated circuit voltage of the cable 
and select the proper wall thickness from Table IV. 


Note.—It is preferable, both in Paragraphs (a) and (6) above, to select 
a cable with a higher voltage rating than obtained using the above procedure, 
both as a measure of safety and to allow the substitution of a larger trans- 
former without necessitating the replacement of the cable. 
The thickness of insulation for the various systems shall be determined as 
follows: 
A2. (a) For three-phase systems with grounded or ungrounded neutral, 
se thickness values in accordance with Table IV. 

(b) For single or two-phase systems up to and including 5000 v., use thick- 
ness values in accordance with Table IV, as specified for grounded neutral. 
Where it is not definitely specified that a line operates as an isolated single or 
two-phase system it shall be considered as a branch of a grounded three-phase 
circuit and the thickness of insulation shall be that required by the phase-to- 
phase voltage of this grounded, three-phase circuit as given in Table IV. 

(c) For single or two-phase systems operating at over 5000 v. with one side 
grounded, multiply the circuit voltage (phase-to-phase) by 1.73 and use the 
tesulting voltage value to select the corresponding insulation thickness for 
grounded neutral as specified in Table IV. 

(d) For single or two-phase systems operating at over 5000 v. with the 
enter grounded, multiply the circuit voltage (phase-to-phase) by 0.866 (4V 3 ) 
and use the resulting voltage value to select the corresponding insulation thick- 
ness for grounded neutral as specified in Table IV. 

(e) For single or two-phase ungrounded systems operating at over 5000 v., 
multiply the circuit voltage (phase-to-phase) by 0.866 (3W3) and use the 
resulting voltage value to select the corresponding insulation thickness for 
ungrounded neutral as specified in Table IV. 

({) For direct-current systems, consider them the same as single-phase 
alternating-current systems in accordance with Paragraph A2 (0). 
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TENTATIVE SPECIFICATIONS 

FOR 

INSULATED WIRE AND CABLE: HEAT-RESISTING RUBBE) 
COMPOUND! 


This is a Tentative Standard and under the Regulations of the Society is subject t 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


A.S.T.M. Designation: D 469 - 37 T 


IssuED, 1937.2 
Scope 


1. (a) These specifications cover wire and cable insulated with a 
vulcanized rubber compound. ‘The suitability of the compound as insulation 
shall be determined solely by physical and electrical tests. The compound 
shall be called heat-resisting rubber compound. This compound is ordinarily 
recommended for use at conductor temperatures not in excess of 75 C. 

(b) Except for the rubber insulation and methods of testing, wire and 
cable supplied under these specifications shall conform to the Tentative 
Specifications for Insulated Wire and Cable: Class AO, 30 per cent Hevea 

_ Rubber Compound (A.S.T.M. Designation: D 27 — 37 T) of the American 
Society for Testing Materials.’ 


SPECIFICATIONS 


INSULATION 
Workmanship 


2. (a) The insulation shall be homogeneous in character, tough, elastic 
and applied concentrically about the conductor and shall fit tightly thereto. 
Where the insulation is applied in more than one layer, adjacent layers shall 
_ be vulcanized into a homogeneous mass. 

t (6) Where repairs or joints are made in the insulation, the work shall 
be done in such manner that the repaired part of the joint, and all parts 
affected in the process, shall be as strong and durable electrically and 
mechanically as the remainder of the insulation and shall not exceed the 
limitations on the thickness specified in Section 7. a 


Shielding 
(a) Braided cables not supported on insulators when operating at 


3. 


6001 v. and over with the neutral grounded, or 3501 v. and over with the 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee D-11 on Rubber Products. 


2 Accepted for publication as tentative by Committee E-10 on Standards, August 26, 1937. 
See p. 1070. 
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neutral ungrounded shall be shielded or suitably protected against corona. 
For special installations, such as braided cables connected to an overhead 
ne, shielding may be provided at voltages lower than those given herein. 

(b) All lead-covered multiple conductor cables operating at 6001 v. and 
wer with the neutral ungrounded shall be shielded or suitably protected 
against corona. 

(c) The shielding shall consist of a tinned copper tape at least 3 mils 
thick or braid of fine tinned copper wires. 


Tape and Braid Coverings 
4. The insulation of braided wires up to No 7 A.w.g., inclusive, shall 
be covered with a single cotton braid. On larger sizes the fibrous covering 
shall consist of a cable tape and cotton braid or two cotton braids. The 
cable tape may be applied before vulcanization. In multiple conductor 
bles the individual conductors shall not be braid-covered unless specified. 


MANUFACTURE 
Composition 


5. The insulation shall consist of a properly vulcanized rubber com- 
pound that will meet the test requirements prescribed in these specifications. 


Physical Properties 
6. The insulation shall conform to the following requirements as to 
physical properties: 


ensile strength, lb. per sq. in.... 1500 
isile stress at 200 per cent wn Rd Ib. per sq. in ees 400 
ngation at rupture, per cent oe 400 
in 2-in. gage length, in wees 

ensile strength after air pressure heat test, lb. per sq. in owe: 1000 
preciation in tensile strength after air pressure heat test, per cent.... sities 

ongation at rupture after air pressure heat test, per cent oie 300 

De preciation in elongation after air pressure heat test, per cent sees 

Tensile strength after air oven test, lb. per sq. in xe 1000 

epreciation in tensile strength after air oven test, per cent sitar 
longation at rupture after air oven test, per cent eaters 300 

Depreciation in elongation after air oven test, per cent 

Depreciation in tensile strength and elongation after oxygen pressure 

test, per cent 


a ‘THICKNESS 
Thickness 
7. (a) The average thickness of the insulation shall be not Jess than 
that given in Table I. The minimum thickness shall be not less than 95 
per cent of the thickness required by Table I for insulations less than ¢‘ in. 
in thickness and not less than 90 per cent of the the specified thickness for 
insulations of #¢ in. and greater. 
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A.S.T.M. Designation: D 469 - 37 T 

This is a Tentative Standard and under the Regulations of the Society is subject to 7” 
annual revision. Suggestions for revision should be addressed to the the Headquarters of the 

Society, 260 S. Broad St., Philadelphia, be co 

IssuED, 1937.2 shall 

Scope = 

1. (a) These specifications cover wire and cable insulated with a cable 
vulcanized rubber compound. ‘The suitability of the compound as insulation 

shall be determined solely by physical and electrical tests. The compound Com 
shall be called heat-resisting rubber compound. This compound is ordinarily 

recommended for use at conductor temperatures not in excess of 75 C. pout 
(b) Except for the rubber insulation and methods of testing, wire and 
cable supplied under these specifications shall conform to the Tentative 

Specifications for Insulated Wire and Cable: Class AO, 30 per cent Hevea Phy 
Rubber Compound (A.S.T.M. Designation: D 27 — 37 T) of the American 

Society for Testing Materials. phi 


SPECIFICATIONS 


INSULATION 


Workmanship 


2. (a) The insulation shall be homogeneous in character, tough, elastic 


and applied concentrically about the conductor and shall fit tightly thereto. 
Where the insulation is applied in more than one layer, adjacent layers shall 
be vulcanized into a homogeneous mass. 

(b) Where repairs or joints are made in the insulation, the work shall 
be done in such manner that the repaired part of the joint, and all parts 
affected in the process, shall be as strong and durable electrically and 
mechanically as the remainder of the insulation and shall not exceed the 
limitations on the thickness specified in Section 7 


sing 


3. (a) Braided cables not supported on insulators when operating at 
6001 v. and over with the neutral grounded, or 3501 v. and over with the 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
the A.S.T.M. Committee D-11 on Rubber Products. 


mpg for publication as tentative by Committee E-10 on Standards, August 26, 1937. 
Pp 


(1096) 


@ (sz 
| : 


SPECIFICATIONS FOR RUBBER INSULATED WiRE (D 469-37 T) 1097 


neutral ungrounded shall be shielded or suitably protected against corona. 
For ar speci installations, such as braided cables connected to an overhead 
e, shielding may be provided at voltages lower than those given herein. 
(b) All lead-covered multiple conductor cables operating at 6001 v. and 
over with the neutral ungrounded shall be shielded or suitably protected 
inst corona. 
(c) The shielding shall consist of a tinned copper tape at least 3 mils 
thick or braid of fine tinned copper wires. 


Tape and Braid Coverings 

4. The insulation of braided wires up to No.7 A.w.g., inclusive, shall 
e covered with a single cotton braid. On larger sizes the fibrous covering 
shall consist of a cable tape and cotton braid or two cotton braids. The 
cable tape may be applied before vulcanization. In multiple conductor 
cables the individual conductors shall not be braid-covered unless specified. 


MANUFACTURE 


Composition 
5. The insulation shall consist of a properly vulcanized rubber com- 
pound that will meet the test requirements prescribed in these specifications. 


Physical Properties 


6. The insulation shall conform to the following requirements as to 
physical properties: 


MaximuM MINIMUM 

sile strength, lb. per sq. in wise 1500 

nsile stress at 200 per cent elongation, lb. per sq. in ae 400 , 
ngation at rupture, per cent 400 

in 2-in. gage length, in as 
lensile strength after air pressure heat test, lb. per sq. in pene 1000 > 
Vepreciation in tensile strength after air pressure heat test, per cent.... Mie 

ongation at rupture after air pressure heat test, per cent wee 300 a. 
Vepreciation in elongation after air pressure heat. test, per cent re: 

ensile strength after air oven test, lb. per sq. in pose 1000 > 
Depreciation in tensile strength after air oven test, per cent Bee 
a“ ongation at rupture after air oven test, per cent ee 300 ¥ 
epreciation in elongation after air oven test, per cent 
Vepreciation in tensile strength and elongation after oxygen pressure 

test, per cent 


"THICKNESS 
Thickness 


7. (a) The average thickness of the insulation shall be not less than 
that given in Table I. The minimum thickness shall be not less than 95 
per cent of the thickness required by Table I for insulations less than 4% in. 
in thickness and not less than 90 per cent of the specified thickness for 
insulations of #rin.and greater, 
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TABLE I.—TuHICKNESS OF INSULATION AND ALTERNATING TEST VOLTAGE. 


Nore 1.—Rated circuit voltage of alternating-current circuits is the phase-to-phase voltage. 
Nore 2.—For an intermediate size of wire or an intermediate rated circuit voltage, the thickness and test voltage 
shall be that for the next larver size or higher rated circuit voltage. 

Nore 3.—For non-leaded submarine cables, #5 in. should be added to the specified respective walls of insulation 

In this table for all sizes and voltages. 
_ Nore 4.—Rated circuit voltages from 0 to 5000 v. in this table apply to wire for use on grounded and ungrounded 

circulta. 

Nore 5.—Above 5000 v. alternating-current, special high-voltage rubber compounds are preferred according to 
manufacturer's recommendations, 


Size of Conduetor, Insulation Thickness on 
Rated Circult Voltage A. w. g. Numbers or Circular Mils _ each Conductor, Test Voltage 
sixty-fourths of au inch 


3 High Ve 
8. 
shall s 
not les 
Section 


igs 


601 to 1000 


1001 to 2000 


Moist 
] 
2001 to 3000 | 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


SEGEES 


No. 14 to No. 8 
No. 7 to No. 2... 


No. 14 to No. 0000 
225 000 to 1 000 000 cir. 
(grounded) Over 1 000 000 cir. mils 


No. 14 to No. 0000 
5001 to 6000 225 000 to 1 000 000 cir. 
(ungrounded) Over 1 000 000 cir. mils 


No. 8 to No. 0000 
6001 to 7000 225 000 to 1 000 000 cir. 
(grounded) Over 1 000 000 cir. mils 


No. 8 to No. 0000 
225 000 to 1 000 000 cir. 
Over 1 000 000 cir. mils 


No. 8 to No. 0000 
225 000 to 1 000 000 cir. 
(grounded) Over 1 000 000 cir. mils 


No. 8 to No. 0000 
7001 to 8000 , | 225 000 to 1 000 000 cir. mi 
(ungrounded) | Over 1000 000 cir. mils............... 


— 
| SPEC: 
(b) 
individu 
except 
vertical 
Not! 
given in 
} 0. 1 to No, 
“"**** 1 | 225 000 to 500 000 cir. mils............ 
525 000 to 1 000 000 cir. mils.......... 9 
i Over 1000 000 cir. mils............... 2 
the hi 
hi 
| 225 000 to 500 000 cir. mils............ 
No. 14 to No. 8 
2001 to 4000.......-- | 995 000 to 600 000 cir. 10 
525 000 to 1 000 000 cir. mils.......... 10 
Over 1 000 000 cir. mils............... ll 
10 12 500 
4001 to 5000. .......- | 995 000 to 600 000 cir. miis............ 13 500 
525 000 to 1 000 000 cir. mils.......... il 13 500 mp! 
Over 1 000 000 cir. mils............... (12 15 000 ' 
10 12 500 
il 13 500 
15 000 
BY 15 000 
12 15 000 
| 17 500 Sar 
6001 to 7000......... 17 500 
(ungrounded) 15 19 000 
12 15 000 
: 12 15 000: 
16 20 000 
16 20 00 
47 21 000 
i 
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b) The thicknesses in Table I apply to single conductor cable and the — 
ividual conductors of multiple conductor cables, leaded or braided, 
pt special applications such as aerial, non-leaded submarine, and 
tical riser cable. 


oTtE.—In the Appendix will be found an interpretation of the insulation thicknesses 


n Table I. ; 
ELECTRICAL PROPERTIES 
High Voltage Test 


8. Each coil, reel, or length of wire or cable after vulcanization 
successfully withstand the application of an alternating voltage of 
ess than that prescribed in Table I for a period of 5 min. (See — 


sections 33 and 34.) 
& 


Insulation Resistance 
9. Each coil, reel, or length of wire or cable after being subjected to | 
high voltage test specified in Section 8 shall have an insulation resistance ¢ 
tless than that given in Table IT. 


— 
Moisture Absorption 

10. (a) The increase in the specific inductive capacity of the insulation — 

ill be used as an indication of the amount of moisture absorbed. a 
(6) The specific inductive capacity after 24-hr. immersion in water 

ill not exceed five. The increase between the ends of the first and the 
rteenth days shall not exceed 20 per cent and that between the ends of 
seventh and fourteenth days, 5 per cent. 

(c) The specific inductive capacity shall be determined at cither 1000 or 
ycles. Where measured at 1000 cycles, the voltage impressed upon the 
nductor shall not exceed 10 v. Where measured at 60 cycles, the voltage © 
impressed upon the conductor shall be equivalent to a stress of between 

to 40 v. per mil of insulation. 
(d) The measurements shall be made as described in Section 37. 
METHODS OF TESTING 


TENSILE STRENGTH, TENSILE STRESS, ELONGATION AT RUPTURE, 
AND SET 


Sampling for Physical Tests 
ll. (a) Wire up to and including 250,000 cir. mils in size shall be- 
mpled in accordance with the following requirements: 
JUANTITY OF Wire NuMBER OF SAMPLES 
1 for each 2000 ft. or fraction thereof 


5 plus | for each 10,000 ft. additional over 10,000 ft. 
14 plus 1 for each 25,000 ft. over 100,000 ft. 


T) 
age 
ion 
led 
| 
00,001 to 500,000 ft........... 
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SPEC 
(b) For wire larger than 250,000 cir. mils, one sample shall be selec ¥o.6 A 
from quantities between 1000 and 2000 ft. and for larger quantities doy samples 
those specified in Paragraph (a). with a ¢ 
be as fr 
; TABLE II.—INSULATION RESISTANCE, MEGOHMS—1000 Fr. AT 60 F. (15.5 CG), (b) 
Norg 1.—This table is based on a constant K = 21,120 in the following formula: ohysica 
R = K logio—; where R = resistance in megohms—1000 ft., K = constant. i rt 
D = diameter over insulation, on each conductor, and d = diameter over conductor. ; po : 
Nore 2.—For an intermediate size, the insulation resistance shall be that of the next larger size. applied 
than 6 
Insulation Thickness in Sixty-fourths of an Inch ane 
Size of Conductor, | Solid | Diam- ypecim 
Aww. Numbers or or eter, echal 
Circular Mils Stranded in. 2 3 4 5 6 7 8 9 10 m 
cations 
Solid 0.064 8 300 | 9900 | 11300 | 12550 | 13 650 | 14 600 | 15 450 | 16.250 | 17 (c 
No. 12 Solid 0.081 7050 | 8550 | 9850 | 11000 | 12000 | 12 900 | 13 750 | 14500 | 155 
Solid 0.102 6000 | 7350 | 8500 | 9 10500 | 11350 | 12 100 | 12850 | 1419 test 
_ ipaaneapeiamsaicet Solid 0.128 6 200 | 7300 | 8300 | 9150 | 9 950 | 10 650 | 11 350 | 1255 : 
Stranded | 0.184 4750 | 5600 | 6400 | 7200 | 7900 | 8500] 9100 | 10% smoot 
No. 4..... Stranded | 0.232 3900 | 4700 | 5450 | 6100] 6700 | 7250 | 7800] 88% 
No. 2... Stranded | 0.292 3250 | 3900 | 4550] 5150] 5 6150 | 6650 | 740 
No. 1... Stranded | 0.332 ..-. | 3550 | 4100 | 4650 | 5150 | 5600 | 6100) 695 Calcul: 
No. 0... Stranded | 0.373 3200 | 3750 | 4200 | 4700 | 5150 | 5550 | 639 
No. 00.. Stranded | 0.418 2900 | 3400 | 3850 | 4300 | 4700 | 5100] 540 1 
No. 000... Stranded | 0.470 2600 | 3100 | 3500 | 3900 | 4250 | 4650 | 540 
No. 0000.. .| Stranded | 0.528 | .... | .... | .... | 2400] 2800 | 3150 |. 3550 | 3900 | 4200] 490 follow 
250 000 cir. mils. .| Stranded | 0.575 | .... | .... | .... | .... | 2600 | 2950 | 3300] 36501 4000| 460 
350 000 cir. mils..| Stranded | 0.681 | ... | | 2250 | 2550 | 2850 | 3150 | 3450] 4000 
500 000 cir. mils. .| Stranded | 0.814 1900 | 2200 | 2450 | 2700 | 2950 | 34% 
750 000 cir. mils. .| Stranded | 0.998 1800 | 2050 | 2250 | 2500 | 2% 
1 000 000 cir. mils. .| Stranded | 1.152] .... | .... | .... | .... | | 1600 | 1800 | 2000 | 2200| 260 shall 
1 250 000 cir. mils. .| Stranded | 1.289 1600 | 1800 | 2000 | 23% 
1500 000 cir. mils. .| Stranded] 1.412] .... | .... | .... | .... | | 1500 | 1650] 1850 | 2150 th 
1750 000 cir. mils. .| Stranded | 1.526] .... .... | .... | | | | 1400 | 1550 | 1700] 200 
2.000 000 cir. mils. .| Stranded| 1.631] .... | .... | .... | | | | 1300 | 1500 | 1600) 190 ond) 
ism 
Size of Conductor, Solid i . 
A.w.g. Numbers or or eter, 
* Circular Mils Stranded | in. 
stral 
= eae: Stranded | 0.184 10 650 11 150 11500 12 000 12 450 
SRR Stranded | 0.232 9 300 9 700 10 100 10 500 10 900 
ee Stranded | 0.292 7 950 8 400 8 800 9 150 9 500 Tem 
SY SRE: Stranded | 0.332 7 350 7 650 8 000 8 400 8750 
Stranded | 0.373 6 750 7 050 7 400 7800 8 100 
4 Saar Stranded | 0.418 6 200 6 500 6 900 7150 7 500 
No, 000........... Stranded | 0.470 5 700 6 150 6 350 6 650 6 900 65] 
No. 0000.......... Stranded | 0.528 5 200 5 500 5 800 6 050 6 350 
250 000 cir. mils. .| Stranded | 0.575 4900 5 200 5 450 5 750 5 950 hav 
350 000 cir, mils. .| Stranded | 0.681 4 250 4 500 4700 4950 5 200 
500 000 cir. mils. .| Stranded | 0.814 3 700 3 950 4 150 4350 4 550 the 
750 000 cir. mils. .| Stranded | 0.998 3 100 3 300 3 500 3 700 3 900 
1000 000 cir. mils. .| Stranded | 1.152 2 750 2 950 3 100 3 300 3 450 
1 250 000 cir. mils. .| Stranded | 1.289 2 500 2 650 2 850 3.000 3 150 Tet 
1 500 000 cir. mils. .| Stranded | 1.412 2 300 2 450 2 600 2700 2 950 
1 750 000 cir. mils. .| Stranded | 1.526 2 150 2 300 2 450 2 600 2750 
2 000 000 cir. mils. .| Stranded | 1.631 2050 2 200 2300 2 450 2 60 
the 
Test Specimens 
12. (a) Size—The test specimen may be the entire section of the r 


4 insulation in the case of small wires, but in the case of wire and cable of 


| 
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\o. 6 A.w.g. and larger or with an insulation thickness greater than 3 in., 
sa mples approximately square in section shall be cut from the insulation 
1a cross-section not greater than 0.025 sq. in. The test specimen shall 
1S as free as possible from surface incisions and imperfections. 
b) Condition and Age.—Samples of the insulated wire or cable for 
sical and accelerated aging tests shall be taken after vulcanization and 
sor to the application of any covering except that a cable tape may be 
oplied before vulcanizing. No tests shall be made within 24 hr. nor later 
tan 60 days after vulcanization unless agreed to by the manufacturer. 
ecimens shall not be heated, immersed in water or subjected to any 
chanical or chemical treatment not specifically prescribed in these specifi- _ 
tions. Specimens for accelerated aging tests having cable tape applied 
rior to vulcanization shall be aged with such tape removed. 
c) Buffing —In the event of any irregularities on the surface of the 
test specimen including corrugations from large strands, it shall be made 
smooth and of uniform thickness by buffing. 


Calculation of Area 


13. Calculation of the area of the test specimens shall be made as ie 
llows : 


(a2) Where the total cross-section of the insulation is used, the area 
shall be taken as the difference between the area of the circle whose diameter 
is the average outside diameter of the insulation and the area of the 
onductor. The area of the stranded conductor shall be calculated from 
tsmaximum diameter. 

(b) Where a segment or sector of the insulation has to be taken in the 
se of a large wire or cable or where the insulation is thin, the area shall 
calculated as the thickness times the width. (This applies either to a 

straight test specimen or one stamped out with a die, and assumes that 
orrugations have been removed by buffing.) 


Temperature at Test 


14. Physical tests shall be made at a room temperature not less than 
65 F. (18.3 C.) nor more than 90 F. (32.2 C.) and the test specimen shall 


have been kept at the room temperature not less than 30 min. prior to 
the test. 


Tension Testing Machine 


15. The tension testing machine shall be power-driven and preferably — 
of the pendulum type. The machine shall be accurate within 1 per cent of 
the breaking load. A spring balance type of apparatus may be used if 


‘upture takes place and if provision is made to prevent recoil of the spring. 7 


selectes 
double : 
. 
| 
) | 17 650 
) 15 850 
) 1418 
) | 12 550 
| 10 200 
| 8850 
70 
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200 
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_ Tensile Strength Test 


16. The tensile strength test shall be made on a specimen which we 
_ been previously stretched. ‘The specimen shall have a length of not less tha 
6 in., and shall be marked with gage marks 2 in. apart and placed i in the Ws 
of the testing machine with a maximum distance between jaws of 4 in. | 
_ specimen shall be stretched at the rate of 20 in. per min. (jaw speed) untilj 
breaks. The test specimen shall break between the gage marks. 1] 
_ tensile strength shall be calculated upon the area of the original specim 
_ Tensile Stress Test 


17. The tensile stress test shall be made simultaneously with th 
tensile strength test by recording the load when the 2-in. gage length marks 
are 6 in. apart, that is, at 200 per cent elongation. The tensile stress shal 
be calculated upon the area of the original specimen. 
Elongation at Rupture 
18. Elongation at rupture shall be determined simultaneously with 
the tensile strength test by reading the distance in inches between gag 
_ marks at the breaking point. The elongation at rupture shall be taken as 
the distance between gage marks at rupture less 2 in. (the original gage 
length). The percentage of elongation at rupture is the elongation in inches 
- divided by the original gage length (2 in.) and multiplied by 100 to express 
as a percentage. 
Set Test 
19. The set test shall be made on a separate test specimen having a 
length of not less than 6 in. and marked with gage marks 2 in. apart. The 
specimen shall be placed in the jaws of the testing machine with a maximum 
distance between jaws of 4 in. and shall be stretched at the rate of 20 in. 


_ per min. (jaw speed) until the gage marks are 6 in. apart. The test specimen 

: shall then be released within 5 sec. and the distance between gage marks 
- shall be determined 1 min. after the beginning of release. The set is the Su: 
_ difference between this length and the original 2-in. gage length. wi 

_ Retests, Physical Properties 

20. Where tested in accordance with Sections 16, 17, 18, and 19, ifa mi 
specimen fails to conform to any one of the requirements for tensile strength, m 
tensile stress, elongation at rupture, or set specified in Section 6, two te 

additional specimens shall be taken from the same sample and tested, and 
the average of the results shall determine whether the material conforms to . 
the requirements. 
AciInG TEsTS A 

Samples for Aging Tests 

21. For aging tests the wire shall be sampled as follows: , 
_ No sample shall be selected where the quantity is less than 2000 ft. 


of wire or cable. 
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For sizes less than 250,000 cir. mils, one sample shall be selected for 
each quantity ordered between 2000 ft. and 50,000 ft. of wire or 
cable and one additional sample for each additional 50,000 ft. 
thereafter. 

For sizes 250,000 cir. mils and over, one sample shall be selected for 
each quantity ordered between 2000 ft. and 25,000 ft. of wire or 
cable and one additional sample for each additional 25,000 ft. 
thereafter. 


Test Specimens 
22. Twelve test specimens of similar size and shape shall be prepared ; 
rom each sample selected in accordance with Section 21, three for the 


termination of the initial or unaged properties, three for the air pressure 

it test, three for the air oven test and three for the oxygen pressure test. 
e specimen of each three shall be tested and the other two held as spares 
th that where only one sample is selected all three specimens shall be 
tested and the average of the results reported. oo - 


Aging Test Conditions 

23. (a) In the case of wire and cable smaller than No. 6 A.w.g. with 
an insulation thickness less than 3%; in., the insulation shall be heated in 

air pressure heat test apparatus, in the air oven and in the oxygen 

sure test apparatus without removing the conductor. 

(b) In the case of wire and cable of No. 6 A.w.g. and larger or with = 
insulation thickness greater than 3; in., samples approximately square - 
section shall be cut from the insulation with a cross-section not greater 
than 0.025 sq. in. 

(c) Die-cut samples shall be buffed before being subjected to the 

elerated aging test. 

(d) The test specimens shall have no protective covering and shall be 
suspended vertically in such a manner that they will not come in contact 
with each other or with the sides of the pressure vessel or oven. 

(e) Physical tests on both the aged and unaged specimens shall be 
made at the same time. ‘The aged specimens shall have a rest period of 
not less than 16 hr. nor more than 48 hr. between the completion of the aging 
test and the determination of the physical properties. 

(f) Should the first set of specimens selected under Section 20 fail to 
meet the specifications, two other sets of specimens shall be tested and if 


either of these sets fails, the coils, reels or lengths will be rejected. a 
Air Pressure Heat Test 


24. The test specimens shall be heated in air at a pressure of 80 lb. per 
Sq. in. at a temperature of from 259 to 261 F. for a period of 20 hr. The 
air pressure heat test shall be conducted in a steam-jacketed vessel or other 


37T SpscIFICATIONS FOR RUBBER INSULATED WIRE (D 469-37 T) 1103 

has not 
ess than | 
he jaws 
1. The 
until it 
The 
>cimen, 
th the 
Marks 
S shall 
| gage 
cen as 
| gage | 
nches 
press 
ing a 
The 
mum | 
0 in. 
imen 
arks 
the 
ifa | 
th, 
two 
and | 
10 


1104 SPECIFICATIONS FOR RUBBER INSULATED WIRE (D 469 - 37 T 


suitably and uniformly heated chamber. The air pressure heat te 
apparatus shall be so regulated that the temperature inside the chambe 
shall reach the test temperature within 15 min. after inserting the te 
specimens. ‘The air used shall be substantially free from oil and moistyy 
The pressure shall be reduced at a uniform rate, requiring at least 2 min. 
when specimens are removed. ‘The temperature shall be recorded auto. 


matically on a chart. 


Air Oven Test 
The test specimens shall be heated at a ter mpe rature of from 2491 


25. ns sl 


251 F. for a period of 120 hr. in an oven having a free circulation of fred 
air. The oven temperature shall be recorded automatically on a chart, 
Except as otherwise specified in these specifications, the oxygen pressure 
test shall be made in accordance with Tentative Methods of Test for 
Accelerated Aging of Vulcanized Rubber (A.S.T.M. Designation: D 428 
; 36 'T) of the American Society for Testing Materials.' 
a Oxygen Pressure Test 
26. ‘The test specimens shall be heated in an atmosphere of oxygen ata 
pressure of 300 lb. per sq. in. at a temperature of from 157 to 159 F. fora 
_ period of 504 hr. ‘The weight of the rubber in the vessel shall not be over 
2 g. per cu. in. of space in the vessel. The pressure shall be reduced ata 
uniform rate, requiring at least 2 min., when specimens are removed. The 
temperature shall be recorded automatically on a chart. The oxygen 
pressure test shall be made only when requested by the purchaser. Except 
as otherwise specified in these specifications, the oxygen pressure test shall 
be made in accordance with Tentative Methods of Test for Accelerated 
Aging of Vulcanized Rubber (A.S.T.M. Designation: D 428 — 36 T) of the 
American Society for Testing Materials.' 
Rejection 
27. Where ten or more samples are selected in any inspection lot, all 
coils, reels or lengths shall be rejected if more than 10 per cent of the samples 
fail. If 10 per cent or less fail, each coil, reel or length may be tested and 
shall be accepted or rejected upon the results of such individual tests. 
Where the number of samples selected in any inspection lot is less than ten, 
all coils, reels, or lengths shall be rejected if more than 20 per cent of the 
samples fail. If 20 per cent or less fail, each coil, reel or length may be tested 
and shall be accepted or rejected upon the results of such individual tests. 


THICKNESS MEASUREMENTS 
q Apparatus 

28. The thickness measurements may be made with any type of 
d micrometer reading to 0.001 in., suitable for measurements of this character. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1113 (1936); also 1937 Book of A.S.T.M. 


A Tentative Standards, p. 1274. 
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umber of Measurements 


29. Where the lot of wire to be inspected consists of two coils or reels 

ss, at least one determination of the thickness shall be made on each coil 
‘reel. Where the lot consists of more than two coils or reels and less than 
» coils or reels, at least one determination of the thickness shall be made on 
ach of two coils or reels taken at random. If the lot consists of 20 or more 
ls or reels, not less than 10 per cent of the coils or reels shall be selected at 


random and at least one determination of the thickness made on each coil or 
so selected. 


fresh Procedure 
chart, 30. The average thickness of the insulation shall be taken as one-half 
essure Hf the difference between the mean of the maximum and minimum diameters 
st for measured at any point and the average diameter of the conductor measured 
tthe same point. The minimum thickness shall be taken as the difference 
etween a measurement made over the conductor plus the thinnest wall and 
liameter of the conductor. (The first measurement is made by “slicing 
the heavier side of the insulation.) : 
In the case of multiple conductor cable, the measurements shall be — 
de on the individual wires before being cabled. 


7 


Rejection 
31. If the thickness of the insulation of any coil or reel is found to be 
s than the specified value, that coil or reel shall be rejected and a thickness 
measurement on each of the remaining coils or reels shall be made. 


Place 


32. Electrical tests of wire and cable shall be staal at the place of 


manufacture. 
High Voltage Test 


_ 33. The high voltage test shall be made with alternating potential 
om a transformer and generator of ample capacity and in no case less than — 
ikva. The frequency of the test voltage shall be not greater than 100 cycles | 
and shall have a wave shape approximating as closely as possible a sine curve. _ 


Rate of Application 


34. The initally applied voltage shall be not greater than the rated 
voltage and the rate of increase shall be approximately uniform and not over 
100 per cent in 10 sec. nor less than 100 per cent in 60sec, 


High Voltage Testing 


35. (a) General.—Where insulated conductors are subjected to a high 
voltage test in water they shall be immersed in a grounded water bath and 
tested while still immersed. 
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_ ductor cables shall be tested before assembling as prescribed in Paragraph( 
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SPECIFICATIONS 77 
(b) Single Conductor.-Single conductors shall be tested after 17 
immersion and without covering except a tape or braid applied be 
vulcanization. 

Rubber sheathed conductors shall be immersed and tested after 

sheath is applied. 

Where a metallic sheath is applied, the conductors shall be retest 

against the sheath. 

Single conductor cables shall be tested between conductor and sheath o; 
water in which they are immersed at the test voltage required by Table | 


i 


(c) Multiple Conductor.—The individual conductors of multiple con 


TABLE III.—TEMPERATURE COEFFICIENTS. 


Temperature Temperature 

Temperature Tempera 
Coefficient Coeffieie 

Deg. Fahrenheit Deg. Centigrade Deg. Fahrenheit Deg. Centigrade 
46 7.8 0.65 61 16.1 1.03 
47 8.3 0.67 62 16.7 1.07 
48 8.9 0.69 63 17.2 1.10 
49 9.4 0.71 64 17.8 1.13 
50 10.0 0.73 65 18.3 1.17 
51 10.6 0.76 66 18.9 1.20 
52 11.1 0.78 67 19.4 1.24 
53 11.7 0.80 68 20.0 1.28 
54 12.2 0.83 69 20.6 1.32 
55 12.8 0.86 70 21.1 1.36 
«6 13.3 0.88 71 21.7 1.40 
57 13.9 0.91 72 22.2 1.45 
58 14.4 0.94 73 22.8 1.50 
59 15.0 0.97 74 23.3 1.55 
60 15.6 1.00 75 23.9 1.59 


After assembly, each conductor shall be tested against the adjacent 
conductors. Where a metallic sheath is applied, each conductor shall in 
addition be tested against the sheath. 

Cables having a rubber or other non-metallic waterproof sheath shall 
be immersed for 12 hr. and the conductors tested against ground. Cables 
covered with cable tape and braid or double braid with a weather-resistant 
finish shall not be immersed for testing. 

Multiple conductor cables after assembly shall be tested at the test 


voltage required by Table I. ; 
36. (a) The insulation resistance shall be measured after the high 
voltage test has been made and while the wire or cable is still immersed in 
water. The measurement shall be made after 1-min. electrification with 4 
continuous e.m.f. of from 100 to 500 v., the conductor being maintained 
negative to the water. ‘The temperature of the water shall be within the 
limits given in Table III. 
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Temperature Coefficient 
(b) If the temperature at which the insulation resistance was measured 
rs from 60 F. (15.6 C.), the resistance shall be reduced to that at 60 F. 
6 C.) by multiplying the measured value by the coefficient in Table II 
responding to the temperature at which the measurement was made. 


Moisture Absorption Test 
37. (ua) A 15-ft. sample of the insulated wire or cable shall be taken 
ter vulcanization and prior to the application of any coverings except 
pe applied before vulcanizing. Such cable tape shall be removed before 
making the moisture absorption test. The middle 10 ft. of the sample 
hall be immersed in distilled water for a period of 14 days with the 2}-ft. 
rtion at cach end kept above the water as leakage insulation. The — 
e measurements specified in Section 10 shall be taken with the water | 
tthe same temperature. ‘The water shall be maintained at room tempera- 
re but not less than 70 F. (21 C.). 
b) The specific inductive capacity of the insulation shall be determined _ 
mmercial frequencies and shall be calculated as follows: 


Specific inductive capacity = 13,600 C logio 7 


= the capacity in microfarads of 10 ft. of sample, 
the diameter over insulation, and 
d = the diameter over conductor. 
The moisture absorption test shall be made only when requested by 
urchaser. 
Rejection 
38. Each coil, reel or length which fails to conform to the electrical — 
rements of these specifications shall be rejected. 


APPENDIX 


INTEPRETATION OF INSULATION THICKNESSES OF TABLE [I 


t series-street-lighting cable, use the following procedure: 


Al. (a) If the transformer is not equipped with protectors, use the open circuit 
ndary voltage of the transformer as rated voltage of the cable and select the 

per wall thickness from Table I. : 

(b) If the transformer is equipped with protectors, use the closed or loaded 
condary voltage of the transformer as the rated circuit voltage of the cable and 
“ct the proper wall thickness from Table I. 

\OTE.—It is preferable, both in Paragraphs (a) and (b) above, to select a cable with 

gher voltage rating than obtained using the above procedure, both as a measure of — 


'y and to allow the substitution of a larger transformer without necessitating the 
ement of the cable. 
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The thickness of insulation for the various systems shall be determined as follow 


A2. (a) For three-phase systems with grounded or ungrounded neutral 
thickness values in accordance with Table I. 

(b) For single or two-phase systems up to and including 5000 v., use thi 
values in accordance with Table I, as specified for grounded neutral. Where jt 
not definitely specified that a line operates as an isolated single or two-phase sy 
it shall be considered as a branch of a grounded three-phase circuit and the thick 

of insulation shall be that required by the phase-to-phase voltage of this gro 
three-phase circuit as given in Table I. 

(c) For single or two-phase systems operating at over 5000 v. with or 
grounded, multiply the circuit vo'tage (phase-to-phase) by 1.73 and use the re 
voltage value to select the corresponding insulation thickness for grounded n 

as specified in Table I. 

(d) For single or two-phase systems operating at over 5000 v. with the cer 
grounded, multiply the circuit voltage (phase-to-phase) by 0.866 (34/3) and use ti 
resulting voltage value to select the corresponding insulation thickness for ground 
neutral as specified in Table I. 

(e) For single or two-phase ungrounded systems operating at over 5000 v, 
multiply the circuit voltage (phase-to-phase) by 0.866 (4/3) and use the resulting 
voltage value to select the corresponding insulation thickness for ungrounded neutral 
as specified in Table I. 

(f) For direct-current systems, consider them the same as single-phase alter- 
nafing-current systems in accordance with Paragraph A2 (b) above. 
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TENTATIVE SPECIFICATIONS 
FOR 


INSULATED WIRE AND CABLE: PERFORMANCE 
RUBBER COMPOUND! 


AS.T.M. Designation: D 353-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
wuarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1932; REVISED, 1933, 1934, 1935, 1936, 1937.2 

Scope 

1. (2) These specifications cover wire and cable insulated with a 
vulcanized rubber compound. The suitability of the compound as 
insulation shall be determined solely by physical and electrical tests. 
The compound shall be called performance rubber compound. 

(b) Except for the rubber insulation and methods of testing, 
wire and cable supplied under these specifications shall conform to 


the Tentative Specifications for Insulated Wire and Cable: Class AO, 
30 per cent Hevea Rubber Compound (A.S.T.M. Designation: D 27 - 
37 T) of the American Society for Testing Materials. 


INSULATION 

Workmanship 

2. (a) The insulation shall be homogeneous in character, tough, 
elastic and applied concentrically about the conductor and shall fit 
tightly thereto. Where the insulation is applied in more than one 
layer adjacent layers shall be vulcanized into a homogeneous mass. 

(b) Shielding~—Braided cables not supported on insulators when 
operating at 6001 v. and over with the neutral grounded or 3501 v. 
and over with the neutral ungrounded shall be shielded or suitably 
protected against corona. For special installations, such as braided 
cables connected to an overhead line, shielding may be provided at 
voltages lower than those given herein. 

All lead-covered multiple conductor cables operating at 6001 v. 
and over with the neutral ungrounded shall be shielded or suitably 
protected against corona. 


; ‘Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee D-11 on Rubber Products. 


— revision accepted by Committee E-10 on Standards, August 26, 1937. 
p. 1070. 
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The shielding shall consist of a tinned copper tape at least 3 mils 
thick or braid of fine tinned copper wires. 

(c) The insulation of braided wires up to No. 7 A. w. g., inclusive, 
shall be covered with a single cotton braid. On larger sizes the fibrous 
covering shall consist of a cable tape and cotton braid or two cotton 
braids. The cable tape may be applied before vulcanization. Ip 
multiple conductor cables the individual conductors shall not be 
braid-covered unless specified. 

(d) Where repairs or joints are made in the insulation, the work 
shall be done in such manner that the repaired part of the joint, and 
all parts affected in the process, shall be as strong and durable elec- 
trically and mechanically as the remainder of the insulation and shall 
not exceed the limitations on the thickness specified in Section 5. 


MANUFACTURE 
Composition 
3. The insulation shall consist of a properly vulcanized rubber 
compound that will meet the tests hereinafter specified. 


PHYSICAL PROPERTIES 
Physical Properties 
4. The insulation shall conform to the following requirements as 
to physical properties: 


MAXIMUM 

Tensile strength, lb. per sq. in xh 1200 
Tensile stress at 200 per cent elongation, lb. per sq. in om 300 
Elongation at rupture, per cent oa 400 
Set in 2-in. gage length, in 
Depreciation in tensile strength and elongation after oxygen 

bomb test, per cent 
Depreciation in tensile strength and elongation after Geer 

oven test, per cent 


THICKNESS 
Thickness 


5. (a) The average thickness of the insulation shall be not less 
than that given in Table I. The minimum thickness shall be not less 
than 95 per cent of the thickness required by Table I for insulations 
less than «tr in. in thickness and not less than 90 per cent of the 
specified thickness for insulations of ¢‘rc in. and greater. 

(b) The thicknesses in Table I apply to single conductor cable and 
the individual conductors of multiple conductor cables, leaded or 
braided, except special applications such as aerial, non-leaded sub- 
marine, and vertical riser cable. 


Note.—In Appendix I will be found an interpretation of the insulation thick- 
nesses given in Table I. 
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TABLE I—THICKNESS OF INSULATION AND ALTERNATING TEST VOLTAGE. 


Norg 1.—Rated circuit voltage of alternating-current circults is the phase-to-phase voltage. 
Nore 2.—For an intermediate size of wire or an intermediate rated circuit voltage, the thickness and test voltage 
at be that for the next larger size or higher rated circuit voltage. 
Nore 3.—For non-leaded submarine cables, in. should be added to the specified respective walls of insulation 
io thls table for all sizes and voltages. 
Nore 4.—Rated circuit voltages from 0 to 5000 v. in this table apply to wire for use on grounded and ungrounded 
wits. 
“ _. 5.—Above 5000 v. alternating-current, special high-voltage rubber compounds are preferred according to 
snufacturer’s recommendations. 


Size of Conductor, Insulation Thickness on 
Rated Circult Voltage A. w. g. Numbers or Circular Mils each Conductor, Test Voltage 
sixty-fourths of an inch 


No. 18 to No. 16........ cnetbatenwows 2 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


225 000 to 500 000 cir. miis. . 
525 000 to 1 000 000 cir. mils. 
Over 1 000 000 cir. mils 


No. 14 


Mt to 2080 295 000 to 500 000 cir. mils... 


525 000 to 1000 000 cir. mils.......... 
Over 1 000 000 cir. mils........ aiainan 


2001 to 3000 225 000 to 500 000 cir. mils....... este 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


3 
4 
5 
6 
7 
8 
4 
5 
6 
7 
8 
9 
5 
6 
7 
8 
9 
9 
7 
8 
8 
9 
9 
10 
9 
9 
9 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


No. 14 to No. 0000 
225 000 to 1000 000 cir. 
Over 1 000 000 cir. mils 


Ne. 14 to No. 0000 
225 000 to 1000 000 cir. 
Over 1 000 000 cir. mils 


No. 8 to No. 0000 
225 000 to 1 000 000 cir. 
Over 1 000 000 cir. mils 


No. 8 to No. 0000 
225 000 to 1 000 000 cir. 
Over 1 000 000 cir. mils 


No. 8 to No. 0000 
225 000 to 1 000 000 cir. 
Over 1 000 000 cir. mils 


No. 8 to No. 0000 
225 000 to 1 000 000 cir. 
Over 1000 000 cir. mils 


7 T) 
mils J 
sive, 
Tous 
itton 
In 
and No. 14 to No. 3 000 
] No. 8 to No, 2 aapinnwn 3 500 
Oto 600 No. 1 to No. 0 4000 
a 
= 7 000 
No. 14 to No. 5 000 
| No. 7 to No. 2 6 000 
11.000 
ber * 
6 000 
10 000 
11.000 
j 
9 000 fed 
10 000 
11.000 
to | 995 000 to 500.000 cir. 12500 
525 000 to 1000 000 cir. mils..........| 10 12 500 
Over 1 000 000 cir. mils............... ll 13500 
4001 to il 13 500 
5001 to 6000......... mils il 13 500 
(grounded) 12 15 000 
ns (ungrounded) aromas 13 16 500 < 
he il 13 500 
to 7000,........ 13 600 
(grounded) 12 15 000 
id 4 17 500 
001 to 7000......... “14 17 500 
or (ungrounded) sececccsocceees 15 19 000 
b- | 12 15 000 
(grounded) 13 16 500 
k- 16 20 000 
7001 8000........ 16 20000 
(ungrounded) 17 21 000 
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ELECTRICAL PROPERTIES 
High Voltage Test 

6. Each coil, reel, or length of wire or cable after vulcanization 
shall successfully withstand the application of an alternating voltage 
of not less than that prescribed in Table I for a period of 5 minutes, 
(See Sections 30 and 31.) 


Insulation Resistance 


7. Each coil, reel, or length of wire or cable after being subjected 
to the high voltage test specified in Section 6 shall have an insulation 
resistance not less than that given in Table II. 


Moisture Absorption. 


8. (a) The increase in the specific inductive capacity of the 
insulation shall be used as an indication of the amount of moisture 
absorbed. 

(6) The specific inductive capacity after 24-hr. immersion in 
water shall not exceed six. The increase between the ends of the first 
and the fourteenth days shall not exceed 20 per cent and that between 
the ends of the seventh and fourteenth days, 5 per cent. 

(c) The specific inductive capacity shall be determined at either 
1000 or 60 cycles. Where measured at 1000 cycles, the voltage im- 
pressed upon the conductor shall not exceed 10 volts. Where measured 
at 60 cycles, the voltage impressed upon the conductor shall be 
equivalent to a stress of between 30 to 40 volts per mil of insulation. 
(d) The measurements shall be made as described in Section 35. 


METHODS OF TESTING 


TENSILE STRENGTH, SET, AND ELONGATION AT RUPTURE a 


Sampling for Physical Tests 


9. (a) Wire up to and including 250,000 cir. mils in size shall 
be sampled in accordance with the following requirements: 


Numser oF SAMPLES 


none 
i a 1 for each 2000 ft. or fraction thereof 
10,001 to 100,000 ft........... 5 plus 1 for each 10,000 ft. additional over 10,000 ft. 


100,001 to 500,000 ft................. 14 plus 1 for each 25,000 ft. over 100,000 ft. 


(6) For wire larger than 250,000 cir. mils, one sample shall be 
selected from quantities between 1000 and 2000 ft. and for larger 
quantities double those specified in Paragraph (a). 

Test Specimens 
10. (a) Size.—The test specimen may be the entire section of the 
insulation in the case of small wires, but in the case of wire and cable 
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f No. 6 A. w. g. and larger or with an insulation thickness greater 
than 2’; in., samples approximately square in section shall be cut from 
the insulation with a cross-section not greater than 0.025 sq. in. The 
test specimen shall be as free as possible from surface incisions and 
imperfections. 


TaBLe II.—INSULATION RESISTANCE, MEGOuMs-1000 FT. aT 60° F. (15.5° C.). 


Nors 1.—This table is based on a constant, K = 21 120 in the following formula: 
R=K logwyé where R = resistance in megohms-1000 ft., K = constant, 


D = diameter over insulation, on each conductor, and d = diameter over conductor. 
Norge 2.—For an intermediate size, the insulation resistance shall be that of the next larger size. 


Sizeof Conductor, | Solid | Diameter Insulation Thickness in Sixty-fourths of an Inch 
A. w. g. Numbers or in 
ot Circular Milas | Stranded| Inches 


350 000 cir. mils. . 
500 000 cir. mils. . 
750 000 cir. mils. . 
1000 000 cir. mils. . 
1 250 000 cir. mils. .| Stranded 
1500 000 cir. mils. .| Stranded 
1750 000 cir. mils. .| Stranded 
2000 000 cir. mils. . | Stranded 


Size of Conductor, Diameter Insulation Thickness in Sixty-fourths of an Inch 
A. w. g. Numbers or in 
or Circular Mils Stranded| Inches 


15 16 17 


Solid : q d 14 100 14 600 14 900 
Stranded y f 11 500 12 000 12 450 
Stranded 2 9% 10 100 10 500 10 909 
Stranded 95 800 9 150 
Stranded 33 35 i 8 000 8 400 
Stranded 7 400 7 800 
Stranded , 6 900 7 150 
.| Stranded 47 f 6 350 6 650 
Stranded 5 800 6 050 
Stranded 57! 5 450 5 750 
Stranded 4 700 4 950 
Stranded : 4 150 4350 
Stranded 3 500 3 700 
Stranded 15% 2 VE 3 100 3 300 
Stranded 286 2 850 3 000 
Stranded 2 600 2 700 
Stranded 526 2% 2 450 2 600 
Stranded 6 2050 2 200 2 300 2 450 2 600 


; Note.—The removal of the rubber insulation can be greatly accelerated and 
in most cases a test specimen which is an entire cross-section can be obtained free 
from surface incisions and imperfections by means of metallic mercury. The 
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ture No. Solid | 0.040 | 8600 |11 100 
No. 16.............| Solid | 0.051 |7300] 9500 
No. 14.............| Solid | 0.064 | .... | $300] 9900 
No. 12.............| Solid | 0.081 | | 7050] 8550 
in No. Solid | 0.102 | | 6000] 7350 
No. 8.............| Solid | 0.128 | .... | 6200 
irst No, 6.............| Stranded| 0.184 | | | 4750 
No, 4.............| Stranded] 0.232 | 22:2 | 3900 
een No. 2..........--.| stranded | 0.292 
0.3323 | .... | | 
No. 0...........-.| Stranded | 0.373 
No. 00.............| Stranded | 0.418 
her No, 000............| Stranded} 0.470 | ....|.... | 
No, 0000...........| Stranded 0.528 
Im- 0.575 
red 
be 
1.289 
on. 1.412 
all 
ne eens 
ft. 250000 cir. mils............ 
ft. 350 000 cir. mils............ 
500000 cir. mils............ 
| 750 000 cir. mils............ 
1000000 cir. mils............ 
1250000 cir. mils............ 
or 1500000 cir. mils............ 
1750000 cir. mils............ 
2000 000 cir 
le 
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mercury should be introduced at one end of the sample between the insulation an; 
the tinned surface of the conductor, and the sample inclined on a support with th, 
end to which the mercury is applied at the top. The separation of the rubber 
insulation results from the amalgamation of the tin of the conductor with the mer. 
cury. The amalgamation is assisted by first immersing and rubbing the tinnino 
on the exposed end of the conductor in the mercury. 

(b) Condition and Age.—Specimens shall not be heated, immersed 
in water or subjected to any mechanical or chemical treatment not 
specifically prescribed in these specilications. 

Specimens for accelerated aging tests shall be taken from the com. 
pleted wire after the application of the specified covering and shall be 
aged with all such covering removed. 

No tests shall be made within 24 hours nor later than 60 days after 
vulcanization unless agreed to by the manufacturer. 

(c) Buffing -In the event of any irregularities on the surface of 
the test specimen including corrugations from large strands, it shall be 
made smooth and of uniform thickness by buffing. 

Calculation of Area 


11. Calculation of the area of the test specimens shall be made 
as follows: 

(a) Where the total cross-section of the insulation is used, the 
area shall be taken as the difference between the area of the circle 
whose diameter is the average outside diameter of the insulation and 
the area of the conductor. The area of the stranded conductor shall be 
calculated from its maximum diameter. 

(b) Where a segment or sector of the insulation has to be taken 
in the case of a large wire or cable or where the insulation is thin, 
the area shall be calculated as the thickness times the width. (This 
applies either to a straight test specimen or one stamped out with a 
die, and assumes that corrugations have been removed by buffing.) 
Temperature at Test 


12. Physical tests shall be made at a room temperature not less 
than 65° F. (18.3° C.) nor more than 90° F. (32.2° C.) and the test 
specimen shall have been kept at the room temperature not less than 
30 minutes prior to the test. 

Tension Testing Machine 


13. The tension testing machine shall be power-driven and prefer- 
ably of the pendulum type. The machine shall be accurate within | 
per cent of the breaking load. A spring balance type of apparatus 
may be used if provided with a device which will indicate the actual 
maximum load at which rupture takes place and if provision is made 
to prevent recoil of the spring. 


9 

| SPECI 
Tensil 
. 
| of no 
| apart 
dista 
the 1 
| speci 
shall 
Tens 

| tensi 
| marl 
| | | stres 
| Elon 
| witl 
gag 
be 
(the 
is t 
and 
| Set 
ale 
Th 
ar 
| | the 
6 i 
aft 
| ler 
| Re 
te 
in 


SpECIFICATIONS FOR RUBBER INSULATED WirE (D 353-37 T) 1115 


Tensile Strength Tests 


14. The tensile strength test shall be made on a specimen which 
has not been previously stretched. ‘The specimen shall have a length 
of not less than 6 in., and shall be marked with gage marks 2 in. 
apart and placed in the jaws of the testing machine with a maximum 
distance between jaws of 4 in. ‘The specimen shall be stretched at 
the rate of 20 in. per minute (jaw speed) until it breaks. The test 
specimen shall break between the gage marks. ‘The tensile strength 
shall be calculated upon the area of the original specimen. _ : 


Tensile Stress Test 


15. The tensile stress test shall be made simultaneously with the 
tensile strength test by recording the load when the 2-in. gage length 
marks are 6 in. apart, that is, at 200 per cent elongation. The tensile 


stress shall be calculated upon the area of the original specimen. oo 


Elongation at Rupture 


16. Elongation at rupture shall be determined simultaneously 
with the tensile strength test by reading the distance in inches between 
gage marks at the breaking point. The elongation at rupture shall 
be taken as the distance between gage marks at rupture less 2 in. 
(the original gage length). The percentage of elongation at rupture 
is the elongation in inches divided by the original gage length (2 in.) 
and multiplied by 100 to express as a percentage. 


Set Test 


17. The set test shall be made on a separate test specimen having 
a length of not less than 6 in. and marked with gage marks 2 in. apart. 
The specimen shall be placed in the jaws of the testing machine with 
4 maximum distance between jaws of 4 in. and shall be stretched at 
the rate of 20 in. per minute (jaw speed) until the gage marks are 
6in. apart. The test specimen shall then be released within 5 seconds 
and the distance between gage marks shall be determined 1 minute 
alter the beginning of release. ‘The set is the difference between this 
length and the original 2-in. gage length. 


Retests, Physical Properties 


18. Where tested in accordance with Sections 14, 15, 16 and 17, 

a specimen fails to conform to any one of the requirements for 

tensile strength, tensile stress, set, or elongation at rupture specified 

in Section 4, two additional specimens shall be taken from the same 

sample and tested, and the average of the results shall determine 
whether the material conforms to the requirements. 
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AGInGc TESTS 


Sampling for Aging Tests 


19. For aging tests the wire shall be sampled as follows: 
No samples shall be selected where the quantity is less than 
: 2000 ft. of wire or cable. 

For sizes less than 250,000 cir. mils one sample shall be selected 
for each quantity ordered between 2000 ft. and 50,000 ft. of 
wire or cable and one additional sample for each additional] 
50,000 ft. thereafter. 

For sizes 250,000 cir. mils and over one sample shall be selected 
for each quantity ordered between 2000 ft. and 25,000 ft. 
of wire or cable and one additional sample for each addi- 

tional 25,000 ft. thereafter. 


Test Specimens 


20. Nine test specimens of similar size and shape shall be pre- 
pared from each sample selected in accordance with Section 19, three 
for the determination of the initial or unaged properties, three for 
the oxygen bomb test and three for the Geer oven test. One specimen 
of each three shall be tested and the other two held as spares except 
that where only one sample is selected all three specimens shall be 
tested and the average of the results reported. 


Aging Test Conditions 


21. (a) In the case of wire and cable smaller than No. 6 A.w.g. 
with an insulation thickness less than 3; in., the insulation shall be 
heated in the oxygen bomb and in the Geer oven without removing 
the conductor. 

(b) In the case of wire and cable of No. 6 A.w.g. and larger or 
with an insulation thickness greater than  in., samples approxi- 
mately square in section shall be cut from the insulation with a cross- 
section not greater than 0.025 sq. in. 

(c) Die-cut samples shall be buffed before being subjected to the 
accelerated aging test wherever the thickness of the sample is #, in. 
or greater after buffing. 

(d) The test specimens shall have no protective covering and 
shall be suspended vertically in such a manner that they will not come 
in contact with each other or with the sides of the bomb or oven. 

(e) Physical tests on both the aged and unaged specimens shall 
be made at the same time. The aged specimens shall have a rest 
period of not less than 16 hours nor more than 48 hours between the 


completion of the aging test and determination of physical properties. 
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(f) Should the first set of specimens selected under Paragraph (a) 
fail to meet the specifications, two other sets of specimens shall be 
tested and if either of these sets fails, the coils, reels or lengths will be 
rejected. 


Oxygen Bomb Test 


22. The test specimens shall be heated in an atmosphere of oxygen 
at a pressure of 300 lb. per sq. in. at a temperature of from 157 to 
159° F. for a period of 96 hours. The weight of the rubber in the bomb 
shall not be over 2 g. per cu. in. of bomb space. The bomb pressure 
shall be reduced at a uniform rate, requiring at least two minutes, 
when specimens are removed. The bomb temperature shall be 
recorded automatically on a chart. 


Geer Oven Test 


23. The test specimens shall be heated at a temperature of from 
157 to 159° F. for a period of 96 hours in an oven having a free 
circulation of fresh air. ‘The oven temperature shall be recorded 
automatically on a chart. _ 


Rejection 


24. Where ten or more samples are selected in any inspection lot, 


all coils, reels or lengths shall be rejected if more than 10 per cent of 
the samples fail. If 10 per cent or less fail, each coil, reel or length 
may be tested and shall be accepted or rejected upon the results of 
such individual tests. Where the number of samples selected in any 
inspection lot is less than ten, all coils, reels or lengths shall be rejected 
if more than 20 per cent of the samples fail. If 20 per cent or less 
fail, each coil, reel or length may be tested and shall be accepted or 
rejected upon the results of such individual tests. 


THICKNESS MEASUREMENTS 
Apparatus 
25. The thickness measurements may be made with any type of 


micrometer reading to 0.001 in., suitable for Measurements of a. 
character. 


Number of Measurements 


26. Where the lot of wire to be inspected consists of two coils or 
reels or less, at least one determination of the thickness shall be made 
on each coil or reel. Where the lot consists of more than two coils 
or reels and less than 20 coils or reels, at least one determination of 
the thickness shall be made on each of two coils or reels taken at 
tandom. If the lot consists of 20 or more coils or reels, not less than 
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10 per cent of the coils or reels shall be selected at random and at 
least one determination of the thickness made on each coil or reel so 


Procedure 

27. The average thickness of the insulation shall be taken as 
one-half the difference between the mean of the maximum and mini- 
mum diameters measured at any point and the average diameter 
of the conductor measured at the same point. The minimum thick- 
ness shall be taken as the difference between a measurement made 
over the conductor plus the thinnest wall and the diameter of the 
conductor. (The first measurement is made by “slicing off” the 
heavier side of the insulation.) 


In the case of multiple-conductor cable, the measurements shall 
be made on the individual wires before being cabled. 


Rejection 


28. If the thickness of the insulation of any coil or reel is found 
to be less than the specified value, that coil or reel shall be rejected 


and a thickness measurement on each of the remaining coils or reels 
shall be made. 


_ELEctTRICAL TESTS 
Place 


29. Electrical tests of wire and cable shall be made at the place 
of manufacture. 


High Voltage Test 


30. The high voltage test shall be made with alternating potential 
from a transformer and generator of ample capacity and in no case 
less than 5 kva. ‘The frequency of the test voltage shall be not 
greater than 100 cycles and shall have a wave shape approximating 
as closely as possible a sine curve 


Rate of Application 


31. The initially applied voltage shall be not greater than the 
rated voltage and the rate of increase shall be approximately uniform 


and not over 100 per cent in 10 seconds nor less than 100 per cent in 
60 seconds, 


High Voltage Testing 


32. (a) General.—Where insulated conductors are subjected to 4 
high voltage test in water they shal] be immersed in a grounded 
water bath and tested while still immersed. | 
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(b) Single Conductor.—Single conductors shall be tested after 
12 hr. immersion and without covering except a tape or braid applied 
before vulcanization. 

Rubber sheathed conductors shall be immersed and tested after 
the sheath is applied. 

Where a metallic sheath is applied, the conductors shall be 
retested against the sheath. 

Single-conductor cables shall be tested between conductor and 
sheath or water in which they are immersed at the test voltage required 
by Table I. 


TABLE III.—TEMPERATURE COEFFICIENTS. 


Temperature Temperature 


Temperature Temperature 
oefficient Coefficient 


Deg. Deg. Deg. Deg. 
Fabrenhelt Centigrade Fahrenheit Centigrade 


8 

3 
9 
4 
0 
8 
3 
9 
.0 
6 


SSess 


1 
1 
2 
2 
13 
13 
14 
15 
15 


(c) Multiple Conductor—The individual conductors of multiple 
conductor cables shall be tested before assembling as prescribed in 
Paragraph (0d). 

After assembly each conductor shall be tested against the adja- 
cent conductors. Where a metallic sheath is applied each conductor 
shall in addition be tested against the sheath. 

Cables having a rubber or other non-metallic waterproof sheath 
shall be immersed for 12 hr. and the conductors tested against ground. 
Cables covered with cable tape and braid or double braid with a 
weather-resistant finish shall not be immersed for testing. 

Multiple-conductor cables after assembly shall be tested at the 


test voltage required by Table I. Se 
Insulation Resistance as 


33. (a) The insulation resistance shall be measured after the 
high voltage test has been made and while the wire or cable is still 
Immersed in water. The measurement shall be made after one 
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minute electrification with a continuous e.m.f. of from 100 to 500 
volts, the conductor being maintained negative to the water. The 
temperature of the water shall be within the limits given in Table III. 


Temperature Coefficient 


(b) If the temperature at which the insulation resistance was 
measured differs from 60° F. (15.6° C.), the resistance shall be reduced 
to that at 60° F. (15.6° C.) by multiplying the measured value by 
the coefficient in Table III corresponding to the temperature at 
which the measurement was made. 


Moisture Absorption Test 

34. (a) A 15-ft. sample of the insulated wire or cable shall be 
taken after vulcanization and prior to the application of any coverings 
except tape applied before vulcanizing. Such cable tape shall be 
removed before making the moisture absorption test. The middle 
10 ft. of the sample shall be immersed in distilled water for a period of 
14 days with the 2}-ft. portion at each end kept above the water as 
leakage insulation. ‘The three measurements specified in Section 8 
shall be taken with the water at the same temperature. The water 
shall be maintained at room temperature, but not less than 70° F. 
(21° C,). 

(b) The specific inductive capacity of the insulation shall be 
determined at commercial frequencies and shall be calculated as 
follows: 


D 
Specific inductive capacity = 13 600 C logyo q 


where C = the capacity in microfarads of 10 ft. of sample; 
D = the diameter over insulation; and 
d = the diameter over conductor. 


_ The moisture absorption test shall be made only when requested 
by the purchaser. 


Rejection 
35. Each coil, reel or length which fails to comply with the electri- 
cal requirements of these specifications shall be rejected. _ 
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APPENDIX 


INTERPRETATION OF INSULATION THICKNESSES OF TABLE I 


For series-street-lighting cable, use the following procedure: 

Al. (a) If the transformer is not equipped with protectors, use the open 
circuit secondary voltage of the transformer as rated voltage of the cable 
and select the proper wall thickness from Table I. 

(b) If the transformer is equipped with protectors, use the closed or loaded 
secondary voltage of the transformer as the rated circuit voltage of the cable 
and select the proper wall thickness from Table I. 


Nore.—It is preferable, both in Paragraphs (a) and (b) above, to select 
a cable with a higher voltage rating than obtained using the above procedure, 
both as a measure of safety and to allow the substitution of a larger trans- 
former without necessitating the replacement of the cable. 


The thickness of insulation for the various systems shall be determined as 
follows: 

_ A2. (a) For three-phase systems with grounded or ungrounded neutral, 

use thickness values in accordance with Table I. 

(b) For single or two-phase systems up to and including 5000 v., use thick- 
ness values in accordance with Table I, as specified for grounded neutral. 
Where it is not definitely specified that a line operates as an isolated single or 
two-phase system it shall be considered as a branch of a grounded three-phase 
circuit and the thickness of ingulation shall be that required by the phase-to- 
phase voltage of this grounded, three-phase circuit as given in Table I. 

(c) For single or two-phase systems operating at over 5000 v. with one side 
grounded, multiply the circuit voltage (phase-to-phase) by 1.73 and use the 
resulting voltage value to select the corresponding insulation thickness for 
grounded neutral as specified in Table I. 

(d) For single or two-phase systems operating at over 5000 v. with the 
center grounded, multiply the circuit voltage (phase-to-phase) by 0.866 GV/ 3) 
and use the resulting voltage value to select the corresponding insulation thick- 
ness for grounded neutral as specified in Table I. 

(e) For single or two-phase ungrounded systems operating at over 5000 v., 
multiply the circuit voltage (phase-to-phase) by 0.866 V3) and use the 
resulting voltage value to select the corresponding insulation thickness for 
ungrounded neutral as specified in Table I. 

(f) For direct-current systems, consider them the same as single-phase 
alternating-current systems in accordance with Paragraph A2 (b) above. 
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TENTATIVE METHOD FOR AIR PRESSURE HEAT TEST 0] 
VULCANIZED RUBBER! 
A.S.T.M. Designation: D 454 —- 37 T 


rovi 
This is a Tentative Standard and under the Regulations of the Society is subject t P tr 

annual revision. Suggestions for revision should be addressed to the Headquarters of the con 

Society, 260 S. Broad St., Philadelphia, Pa. follov 


ISSUED, 1937, 
Scope such 


1. (a) This method is intended for use as an accelerated test applicab undu 
for estimating the probable life of rubber compounds designed for high chan 
temperature service. It is not suitable for rubber products which have not 
been specifically designed to withstand elevated temperatures in servic 181 
No direct correlation between the test and actual life in service should b woe 
implied but when the test is used comparatively between rubber compounds 7 
of similar type, the measured changes give valuable indication as to the 
relative ability of each compound to withstand service conditions involving forn 
the same factors as those employed in the test. chal 

(b) Except as may be otherwise specified in this method, the require- - 

- ments of the Tentative Methods of Physical Testing of Rubber Products be 
(General Requirements) (A.S.T.M. Designation: D 15-35 T) of the ” 
American Society for Testing Materials? shall be complied with and are 
made a part of this method. 

(c) In case of conflict between the provisions of this method and those 
of detailed specifications or methods of test for a particular material, the 
latter shall take precedence. 

Type of Test 

2. (a) The air pressure heat test for rubber consists of exposing test 
specimens having previously determined physical properties to the de- 
teriorating influence of air at specified elevated temperature and pressure 
for known periods, after which the physical properties are again measured 
and the changes noted. 

(b) The physical properties used to measure the deterioration of the 

_ rubber, in addition to visual and manual inspection, are tensile stress at a 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
Committee D-11 on Rubber Products. 


* Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 1153 (1935); also 1937 Book of AS.T.M. 


A Standards, p. 1260. 
d (1122) 
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ecified elongation or tensile strength and ultimate elongation, or both. — 
Except as otherwise specified in this method, the determination of these 
properties before and after each exposure period shall be carried out in 
accordance with the Tentative Methods of Tension Testing of Vulcanized 
Rubber (A.S.T.M. Designation: D 412 — 36 T) of the American Society for 
Testing Materials." 


Apparatus 

3. The air-pressure chamber shall consist of a metal vessel designed 
to maintain an internal atmosphere of air under known pressure with 
provisions for placing rubber specimens within it and subjecting them to 
controlled uniform temperature. The equipment shall conform to the 
following requirements: 

(a) The size and shape of the chamber shall be optional but shall be 
such that the specimens may be suspended therein vertically without 
undue crowding and without touching each other or the sides of the 
chamber. 

(b) The operating temperature shall be 126.7 C. + 1 C. (260 F. + 
1.8 F.) determined by measurement at the center of the suspended speci- 
mens and shall be automatically controlled by means of thermostatic 
regulation. 

(c) The source and means of heating shall be optional but the uni- 
formity of temperature distribution at various points within the pressure 
chamber shall be verified by actual check since the test is sensitive to 
small temperature variations. Local overheating or ‘‘dead spots” shall 
be avoided. Care shall also be taken in the design of the equipment to 
avoid direct radiation of heat on the samples. 

(d) The apparatus and method of heating shall be so designed that 
the interval required for the chamber to reach the operating temperature 
at the beginning of a test shall be as short as possible. By proper pre- 
cautions this lag may be reduced to less than 5 per cent of the usual mini- 
mum exposure periods. Provision shall also be made for rapid closing 
and opening of the apparatus for introduction or removal of specimens. 

(e) The air pressure shall be maintained at 80 lb. per sq. in. + 2.0 lb. 
per sq. in. during the exposure periods. Automatic regulation is recom- 
mended. 

(f) Suitable provision shall be made by separation, filtration, or 
otherwise for removal of oil, dirt, and moisture from the air entering the 
pressure chamber. Care shall also be taken to avoid any other intro- 
duction of oil or grease into the pressure chamber. 

___(g) No copper or brass parts shall be exposed to the atmosphere used 
in the pressure chamber. 


1, Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1105 (1936); also 1937 Book of A.S.T.M. 
entative Standards, p. 1266. 
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(kh) The pressure chamber shall be equipped with a reliable safety 
valve set for release at a pressure of not more than 200 lb. per sq. in. 


Note: Caution.—Adequate safety provisions are important when heating oxidizab 
organic materials in air under pressure since the rate of oxidation may become very rapié 
in some cases, particularly if large surface area is exposed. ‘ 


Test Specimens 

4. (a) Dumbbell-shaped test specimens, prepared as described in th. 
Tentative Methods of Tension Testing of Vulcanized Rubber (A.S.T.M 
Designation: D 412-36 T) of the American Society for Testing Mate. 
rials,’ shall be considered standard. ‘Their form shall be such that no me. 
chanical, chemical, or heat treatment will be required after exposure in 
the pressure chamber. If buffing is necessary, it shall be performed prior 
to exposure. 

(b) The dimensions of the test specimens for calculating the physical 
properties shall be measured prior to exposure in the pressure chamber 
Care shall be taken that the material used for marking the gage lines on 
the specimens is not detrimental to the rubber during the heat treatment, 
causing the specimens to break at the marks prematurely during sub- 
sequent test. Only specimens of similar dimensions having approximately 
the same exposed areas may be compared with each other. 

(c) At least three test specimens shall be used to determine the average 
original physical properties of each sample and also three or more speci- 
mens of the same material for each exposure period of the test. 

Tests of Original Specimens 


5. The tensile stress at a specified elongation or tensile strength and 
ultimate elongation, or both, of the original unexposed specimens shall be 
determined within 48 hr. of the start of the heat treatment. Results on 
specimens which break outside of the straight reduced section, or which are 
found to be imperfect, shall be discarded and retests shall be made. 

Air Pressure Heat Treatment 

6. (a) The specimens for exposure shall be suspended vertically in 
the pressure chamber after it has been preheated to the operating tem- 
perature. Simultaneous exposure of a mixed group of different compounds 
shall be avoided, if possible. For instance, high-sulfur compounds should 
not be exposed with low-sulfur compounds nor those containing anti- 
oxidants with those which do not, since some migration is known to occur 
under the conditions of the test. 

(b) The exposure period shall be considered to start when the speci- 
mens are placed in the heated chamber which shall be closed immediately 
and the air pressure applied. This entire operation shall not require longer 
than 3 min. However, a record shall be kept of the time interval elapsing 
from the starting time until the temperature of the chamber reaches 126.7 C. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1105 (1936); also 1937 Book of A.S.T.M- 
Tentative Standards, p. 1266. 
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(260 F.). If this interval exceeds 5 per cent of the total exposure time, 
approximate correction shall be made by adding one-half of the interval 
to the exposure period. ‘The exposure shall be continuous for the specified 
time without pressure reduction or opening of the chamber for introduction 


or removal of specimens. 

(c) The selection of suitable periods of exposure will depend on meted 
rate of deterioration of the particular material being tested and should be 

such that the deterioration will not be so great as to prevent determination 

of the final physical properties. Intervals frequently used are 3, 5, 8, 12, 

20 and 30 hr. In experimental work, it is desirable to employ a range of 

periods so as to determine the rate of deterioration but, for routine tests 
of known materials and for purchase acceptance purposes, fewer intervals 
or even a single period may suffice. 

(d) At the termination of the exposure period, the air pressure shall 
be released gradually, the operation requiring at least 2 min. so as to avoid 
possible formation of porosity in the specimens which shall then be im- 
mediately removed from the pressure chamber. ‘The specimens shall be 
cooled to room temperature on a flat surface and allowed to rest not less 
than 16 hr. nor more than 48 hr. before determination of the physical 
properties. 


Tests of Exposed Specimens 

7. The tensile stress at a specified elongation or tensile strength and 
ultimate elongation, or both, of the specimens exposed for different periods 
shall be determined as the intervals terminate, except that it shall be per- 
missible to accumulate specimens for testing together when this does not 
conflict with the specified rest period. In determining the final physical 
properties, the values shall be the average of results from at least two speci- 
mens, including that one giving the highest value for ultimate tensile 
strength and any which check that value within 10 per cent. Results of 
tests of all other specimens shall be discarded. In the event that discarding 
of exposed specimens both from faulty breaks and failure to check does not 
leave two satisfactory determinations, additional specimens shall be exposed 
and tested until two or more check results from properly broken specimens 
are obtained. After completion of the tests, the broken specimens shall be 
examined visually and manually and their condition noted. 
Calculation of Results 

8. The results of the air pressure heat test for each exposure period 
shall be expressed in the form of percentage of deterioration in each physical 
property (tensile strength, ultimate elongation or tensile stress), calcu- 
lated as follows: 
(Original value — Value after exposure) . 


Percentage of deterioration = a0 «x 100 
Original value 
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Report 


9. ‘The report shall include the following: 


(a) The results calculated in accordance with Section 8, 
(b) All observed and recorded data on which the calculati Y 


are based, 
(c) Description of the apparatus, _ | 
_(d) The exposure period, 


_(e) Statement of condition of exposed specimens, 


(f) Dimensions of test specimens, 


_(g) The duration, temperature and date of vulcanization of 


the rubber, if known, and 


(h) Dates of original and final determination of physica 


properties. 


jecte 
to th 


Comy 


cons 
of th 
from 
for. 
of 


Typ 


rub 


| 
Th 
Society 
whicl 
: 
7: 
= 
| A. 


ations 


TENTATIVE METHODS OF TEST 
FOR 


COMPRESSION SET OF VULCANIZED RUBBER' 


A.S.T.M. Designation: D 395 — 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


~ 
Issuep, 1935; Revise, 1936, 
Scope 


1. These methods are designed for testing vulcanized rubber parts 
which are to be assembled in such a manner that the rubber will be sub- 
jected to compressive stresses or shear. ‘They are applicable particularly 
to the rubber used in machinery mountings and vibration dampers. 
Compression Set 
2. For the purposes of these tests, compression set of rubber shall be 


considered as the residual decrease in thickness, expressed as the percentage 
of the original thickness, of a test specimen measured 30 min. after removal 
from a suitable loading device in which the specimen had been subjected 
for a definite time to compressive deformation under specified conditions 
of load application and temperature. 


Types of Tests 


3. (a) Compression set tests are intended to measure the ability of 
rubber compounds to retain elastic properties during prolonged action of 
compressive stresses. The actual stressing in service may involve the 
maintenance of a definite deflection, the constant application of a known 
load or the rapidly repeated deformation and recovery resulting from 
intermittent compressive forces. Though the latter dynamic stressing, 
like the others, produces compression set, its effects as a whole are more 
closely simulated by compression flexing or hysteresis tests. Therefore, 
compression set tests are considered to be only those involving static 
loading. 

(b) These methods cover the following two test procedures using 
different types of load application: 

Method A.—Test for compression set of vulcanized rubber under con- 

stant load. 


tata the standardization ocedure of the Society, these methods are under the jurisdiction of the 
Committee D-11 on Rubber Products. 
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Method B.—Test for compression set of vulcanized rubber under cop. 
stant deflection. 

(c) The choice of method is optional but consideration should }y 
given to the nature of the service for which correlation of test results may 
be sought. Notation shall be made in each test of the method actual 
used. 

4. In case of conflict between the provisions of these methods and 
those of detailed specifications or methods of test for a em material, 


Method B shall take precedence. 
Compression Device 

5. The compression devices as specified in Section 11 for Method A 
and in Section 20 for Method B shall be used. 


Plates 


6. The plates between which the test specimen is compressed shall be 
made of steel of sufficient thickness to withstand the compressive stresses 
without bending. ‘The surfaces against which the specimen is held shall 


have a highly polished chromium plate finish and shall be > thoroughly 
cleaned and wiped dry before each test. : 


Oven 


7. Any well-designed, uniformly heated standard dry-air oven of 
sufficient size to hold the compression device may be used for this test. 
The oven shall be provided with proper temperature control to maintain 
the specified temperature within a permissible variation of +1 C. (+1.8F)). 
Satisfactory circulation of the air shall be secured by means of a fan. The 
compression device shall be centrally located in the oven and supported 
above the bottom of the oven by means of a wire rack mounted on wood 
or asbestos block so that it is heated by indirect heat 


Gages 


8. A dial gage graduated in thousandths of an inch having a raised 
platform % in. in diameter and a spherical foot } in. in diameter, actuated 
by a load of 3 oz. + 0.1 oz., shall be provided for measuring the thickness 
of the specimen before and after loading. 


Standard Test Specimen 


9. The standard test specimen shall be a cylindrical disk 3 in. in 
thickness, cut from the vulcanized rubber part by means of a sharp, ‘circular 
die having an inside diameter of 1.129 in. +0.001 in. In cutting the 
specimen, the die shall be suitably rotated in a drill press or similar device 
and lubricated by means of soapy water so that a smooth-cut surface 
having square edges is obtained. The cutting pressure shall be kept 
sufficiently small to avoid “cupping” of the cut surface. When necessary, 
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the specimen thickness shall be reduced to the required 3 in. by cutting 
transversely with a sharp knife and carefully buffing to size within a per- 
missible variation of +0.005 in. and —0.025 in. ‘The bufling shall be lightly 
done to avoid overheating and care must be taken to keep the circular faces 


parallel and at right angles to the axis of the cylinder. _ _ 


Special Test Specimens 

10. In routine production testing it is sometimes more convenient to 
cut test specimens of a different size and shape than that specified as stand- 
ard. When any other size of specimen is used the test results shall not be 
compared with those secured using the standard test specimen. When _ 
using specimens of special sizes or shapes the results may be compared © 
only with those from similar sizes and shapes. 


Method A. Test for Compression Set Under Constant Load 

Compression Device 
11. The compression device shall consist of two parallel plates between 

which the test specimen is compressed and a calibrated loading spring, all 

mounted in a suitable housing having a screw mechanism for compressing 

the spring to apply the load and equipped with a scale graduated in hun- 

dredths of an inch for measuring the deflection of the spring. ‘The device 

shall be portable, self-contained and capable of applying the desired load 

gradually and uniformly over the entire top and bottom surfaces of the 

test specimen for the duration of the test. A suitable compression device 

is shown in Fig. 1. 


Spring 

12. The loading spring shall be made of properly heat-treated spring 
steel with ends ground square and perpendicular to the longitudinal axis 
of the spring so as to help in keeping the plates parallel throughout the 
test. The spring shall conform to the following requirements: 

(a) The spring shall be calibrated at room temperature (24 C. + 5 C.) 
(75 F. + 9 F.) by applying successive increments of load of 50 Ib. + 0.5 lb. 
and measuring the corresponding deflections in hundredths of an inch. 
The curve obtained by plotting the loads against the corresponding deflec- 
tions shall have a slope of 4.0 + 0.2 at 400-Ib. load. The slope is obtained 
by dividing the difference between two loads expressed in pounds by the 
difference between the corresponding deflections expressed in hundredths 
of an inch. 


. Note.—Example: A spring which deflects 1.00 in. at 400 lb. and 0.75 in. at 300 Ib. 
gives a slope of 4.0. 


_ (6) The original dimensions of the spring shall not change due to 
fatigue by more than 0.01 in. after it has been mounted in the compression 
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device, compressed under a 400-lb. load and heated in the oven for ox shown 
week at 70 C. (158 F.). In ordinary use, a weekly check of the dimension: on the 
shall show no greater change than this over a period of 1 yr. 


tT 
(c) The minimum load required to close the spring solid shall be 530 Jb, - 


Original Thickness Measurement after | 
13. The original average thickness of the test specimen shall be meas. ve 
from 


Fic. 1.—Device for Compression Set ‘T’est Under Constant Load. 


ured to the nearest 0.001 in. The specimen shall be placed on the small 
platform of the dial gage so that the pressure foot will indicate the thickness 
at the central portion of the top and bottom faces. 


Application of Load 


14. The test specimen shall be assembled in the compression device 
using extreme care to place it exactly in the center between the plates s0 
that tilting may be avoided. The spring shall be compressed by tightening 
the screw until the deflection as read from the scale is equivalent to that 


| 


= Coolin 
= 
teste 
shou 
= | thic 
| 
Cor 
ple 
pre 
CO) 
rul 
sh 
ho 


shown on the calibration curve for the spring as corresponding to a load 
on the sample of 400 lb. 


Heat Treatment 


15. The assembled clamp shall be placed in the oven within 2 hr. 
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after the completion of the assembly and shall remain there for 22 hr. in 
dry air at 70 C. (158 F.). At the end of the heating period the clamp 


shall be removed from the oven and the test specimen immediately taken - 


from the clamp. 


Cooling Period 


16. While cooling, the test specimen shall rest on a wooden table top _ 
for 30 min. before the measurement of the final thickness is made. 
Final Thickness Measurement 

17. After the rest period, the final thickness shall be measured at the 
center of the test specimen using the dial gage described in Section 8. 
Check Tests 

18. Tests shall be run in duplicate but only one test specimen shall be 
tested at one time in each compression device. The duplicate test results 
should agree within 5.0 per cent of the values obtained. 
Report 


19. The report shall include the following: 


(a) The original dimensions of the test specimen, italien the original 
thickness, ¢,. 


(b) The actual load applied as determined from the calibration curve 
of the spring and the spring deflection reading. 

(c) The thickness of the test specimen 30 min. after removal from the 
clamp, 


(d) The compression set in inches and the percentage of the original 
thickness, calculated as follows: 


Compression set = tg — th 
~s Percentage compression set = 


. _ Method B. Compression Set Under Constant Deflection 
Compression Device 


| 


20. The compression device shall consist of two or more flat steel 
plates between the parallel faces of which the specimens may be com- 
pressed as shown in Fig. 2. Steel spacers for the required percentage of 
compression given in Section 22 (b) shall be placed on each side of the 
tubber specimens to control their thickness while compressed. Four bolts 
shall pass through holes at the corners of the plates for compressing and 
holdingthe specimens. = 


ions 
Ib, 
| 
Cas- 
‘ 
— 
° 


1132 FOR COMPRESSION SET OF VULCANIZED RUBBER (D 395 -37T 


Original Thickness Measurement 


outside of each specimen allowing sufficient clearance for the bulging of the 
rubber when compressed. ‘The bolts shall be tightened so that the plates 
are drawn together uniformly until they are in contact with the spacers. 
(b) The percentage of compression employed shall depend upon the 
hardness of the rubber according to the following table which is based on 


+ Specimens 


Spacers 


Fic. 2.—Device for Compression Set Test Under Constant Deflection. 


a value of approximately 25 in-lb. of work required to compress the 


standard specimen. 


A.S.T.M. HarpNess NuMBER 


SPACER 
(3-LB. WEIGHT) 


COMPRESSION OF RUBBER, 


PER CENT ‘THICKNESS, IN. 
BS 12... 20 0.400 
Heat Treatment 


23. The heat treatment of the specimen shall be performed in accord: 
with Section 15. 


Cooling Period 
24. The specimen shall be cooled in accordance with Section 16. 
‘Final Thickness Measurement 


| 25. The final thickness of the specimen shall be measured as described 
Section 17. 


Check Tests 
26. Tests shall be run in — and the results aoe agree within 


Report 

21. The original average thickness of the specimen shall be measured 27 

as described in Section 13. —_ (a 
22. (a) The test specimen shall be placed between the plates of the (c 
compression device with the spacers on each side of it. If only one speci. damp 
men is being tested, it shall be placed in the center. If two specimens are ( 
being tested, three spacers shall be provided, one in the center and one thickr 


ae ws 


Report 

27. The report shall include the following: 7 

(a) The original dimensions of the test specimen including the original 
thickness, ¢, 

(b) The percentage compression of the specimen actually employed. 

(c) The thickness of the test specimen 30 min. after removal from the 
clam 

(i) The compression set in inches and the percentage of the original 
thickness, calculated as follows: 

Compression set = fg — 


Percentage compression set = 
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ENTATIVE METHODS OF TEST 
FOR 


_ ABRASION RESISTANCE OF RUBBER COMPOUNDS! 


A.S.T.M. Designation: D 394-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. a “7 


IssuED, 1934; REviIsED, 1934, 1937. 

Scope 

1. This method is designed to measure the abrasion resistance of 
soft vulcanized rubber compounds, such as gum stocks, boot and 
shoe stocks, tread stocks, etc. No relation between this test and 
service performance is given or implied. The significance to be 
attached to the results can only be determined by each laboratory 
for its particular problem. It shall not be used for purchase specifica- 
tions because of the difficulty of reproducing comparison standard 
compounds in separate laboratories. The value of having the test 
in standardized form for inter-comparisons and for the interpretation 


of results is, however, unquestioned. 
Type of Materials Tested . 


2. Any vulcanized rubber compound, whether prepared experi- 
mentally in the laboratory, taken from process during manufacture, 
or cut from a finished article of commerce (providing a section of 
sufficient size is available), may be tested. It is assumed that the 
bulk of the testing will be on compounds especially designed to with- 
stand abrasion, and that the test will be carried out with a comparison 
standard of the same general characteristics. 


Comparison Standards 


3. In order to cover the large variety of compounds that can be 
tested under this method, the following three standard compounds 
are recommended as comparison standards. ‘The sample shall be 
compared with that comparison standard having physical properties 


(stress-strain values and hardness) most nearly matching the sample 
compound. 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of 
the A.S.T.M. Committee D-11 on Rubber Products. 
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COMPARISON STANDARDS 


B 
q Parts BY WEIGHT 


First latex pale crepe 

No. 1 smoked sheet 

Zinc oxide 

Channel carbon black 

Stearic acid (C. 


3 : 
60 min. at 60 min. at 70 min. at 
259 F. (126 C.) 287 F. (142 C.) 259 F. (126 C.) 
(20 lb. steam) (401b. steam) (20 lb. steam) 


Note.—It is recognized that the compounding materials shown above may 
vary and should be completely defined. The attention of Committee D-11 on 
Rubber Products is directed toward this problem in the hope of arriving at a satis- 
factory solution. 


Preparation of Comparison Standard! 

4. Having determined which of the three comparison standards 
is to be used, the following procedure shall be followed: 

(a) Weighing Tolerances—Weighing of all ingredients shall be 
accurate to within 0.25 per cent of the weight specified. ‘The final 
weight of the mixed batch and the sum of the weights of each in- 
gredient shall not differ by an amount exceeding 0.6 per cent for a 
compounded stock or 0.3 per cent for pure gum or master-batched 
stocks. 

(b) Mill Data.—The rolls of the laboratory mill shall be 6 in. 
in outside diameter by 12 in. in length with 10} in. between guides. 
The speed of the slow roll shall be 24 r.p.m. and the gear ratio 1.4 to 1. 

(c) Mill Temperature—The temperature of the water entering 
the rolls shall be maintained at 158 F. (70 C.) and the initial tem- 
perature of the rolls shall be 158 F. (70 C.). With sufficient water 
passing through the rolls and a uniform initial temperature, it is 
certain the mixing process can be made quite uniform. 

(d) Mili Opening.—It is essential that the relation between 
batch volume and mill opening shall be regulated to develop an 
active bank. Since it is neither practical nor economical to stand- 
ardize the size of the batch, it is recommended that mill openings be 
adjusted to the volume of batches as shown in the following table: 

!This procedure has been adapted from the “Tentative Standard Laboratory Procedure for the 


Preparation and Physical Testing of Rubber Samples” prepared by the Physical Testing Committee, 
Rubber Division, Am. Chemical Soc., The Rubber Age (New York), January 28, 1930. 
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Votume ov Batcua, DISTANCE Betwesy 


cu. CM. ROLLs, In. 
0.120 
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(e) Mixing Procedure—During breakdown, the mill opening 
shall be 0.055 in. until the rubber runs smooth on the roll, and then 
the opening shall be made to correspond to the volume of the batch 
in the foregoing table. The order of adding ingredients to the broken 
down rubber shall be as follows: 


Accelerators and antioxidants 
Black 4 
Fillers 
Softeners 7 
Sulfur 
The ingredients shall be incorporated as rapidly as possible and 
_ when all are in the rubber the batch shall be cut six times two-thirds 
of the distance across the roll, held until the bank just disappears 
alternating from one side to the other. ‘Then the batch shall be cut 
across and rolled six times inserting the roll endwise five times and the 
last time it shall be inserted lengthwise. As soon as the bank is well 
balanced, the mill opening shall be set to give a sheet slightly greater 
in thickness than the test specimen after cooling and the batch shall 
then be cut from the rolls. 

(f) Storage of Mixed Batch—The batch shall be laid upon a 
suitable surface (zinc, holland, talced zinc makes no difference) until 
cool, after which it shall be stored 18 to 24 hr. on galvanized wire 
screen (6 mesh is convenient) in subdued light with free circulation 
of air having a relative humidity of 45 per cent at 82 F. (27.6 C.). 
Variation of 0 to 100 per cent relative humidity may cause a difference 
of 25 per cent in physical properties. 

(g) Preparation for Curing—The uncured stock shall be cut 
with a die having dimensions slightly less than those of the mold. 
Care shall be taken to have the stock so placed in the mold, that the 
direction of the grain will be parallel to the direction of abrasion when 
the vulcanized specimen is mounted in the abrader. 
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(h) Mold Dimensions——Mold dimensions shall be governed by 
the test specimen needed for the test used. 

(i) Cleanliness of Molds.—No preparation of any kind shall be 
used on molds to prevent sticking. The molds shall be kept clean, 
and shall be cleaned as soon as the cured stock tends to stick. Three 
cleaning materials are suggested: (1) ground emery and water, (2) 
buffer cloth, (3) whiting paste. 

(j) Maintenance of Curing Temperature.—The specified curing 
temperature shall be interpreted as the inside temperature of the 
mold as determined by a thermocouple or a mercury thermometer in 
amercury wellin the mold. A similar steel block with a mercury well 
may be substituted for the mold as described in a previous report.! 
To avoid cool spots in platens due to condensation, presses with 
bored steel platens are recommended. If chamber type platens are 
used, good drainage should be insured by placing the steam outlet 
slightly below the bottom of the steam chamber. 

(k) Mold Temperature and Protection.—The mold shal] be brought 
to temperature in a closed press for a period of not less than 20 min. 
before inserting the uncured stocks. While curing, the mold shall be 
protected from drafts, by the use of some sort of shields or wooden 
ells. Protection often causes a rise of 1.8 F. (1 C.) in mold tem- 
perature. 

(1) Timing of Cure.—The time of cure shall start at the time the 
ram pressure reaches its maximum and end at the release of the ram 
pressure. 

(m) Cooling Cured Slabs.—The slabs shall be removed from the 
mold immediately after conclusion of the cure and plunged into water 
for at least 10 min. to cool. The water shall be changed frequently 
to prevent contamination and heating. When removed from the 
water the slabs shall be wiped dry and placed upon liner or screen 
for storage in subdued light. 

(n) Conditioning of Specimens.—The test specimens shall be 
conditioned for 24 hr. in air having a relative humidity of 45 per 
cent at 82 F. (27.6 C.) before testing at the same temperature. 

(0) Preparation for Test.—That face of the test specimen which 
is to be abraded shall be lightly buffed before test, except in those 
cases where otherwise specified. 

(p) Maintenance of Standards.—It is recommended that sufficient — 
standard compound be prepared at one time to last approximately — 
one month. Subsequent batches of standard shall be tested for 


1See Report of Physical Testing Committee, Rubber Division, Am. Chemical Soc., Industrial and 
Engineering Chemistry, Vol. 17, No. 5, p. 535, May, 1925. 
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stress-strain properties and hardness and shall not vary more than 
10 per cent from the original standard adopted. Its abrasion resistance 


shall be within 5 per cent of the batch of comparison standard being 
used at that time. 


Preparation of the Sample 


5. (a) If a laboratory comparison is being made, the sample 
shall be prepared by the same procedure as described in Section 4 
for the preparation of the comparison standard. 

(b) If stock is taken from production, the sample shall be pre- 
pared as described in Section 4 (f) to (), inclusive, for the preparation 
of the comparison standard. 

(c) If an article of commerce is being tested, a piece somewhat 
larger than the test specimen required shall be cut from the sample 
and subsequently trimmed and buffed to size. 


_ Method A. National Bureau of Standards Abrader' i 


Test Specimen 
6. The test specimens shall be 1 in. square by } in. in thickness. 


Apparatus 


7. The essential features of the apparatus, illustrated in Fig. 1, 
are as follows: The rubber-coated metal drum, a, is 6 in. in diameter 
and is rotated at 40 r.p.m. by an electric motor with a reducing 
mechanism, the revolutions of the drum being indicated by a counter 
attached to one end of the shaft. The three arms, b, are each pivoted 
at one end, and each having a weight suspended at the other end, such 
that a downward force of 5 lb. is exerted directly on the test specimen 
on the underside of the arm, #. The three dial gages, c, graduated 
in thousandths of an inch, fastened to a bridge so that each contacts 
with the corresponding arm, b, at a point directly over the test speci- 
men. ‘This bridge is hinged at one end to allow the arms to be swung 
back for the placing of test specimens on them. ‘The compressed air 
line, d, is provided for keeping the abrasive surface clean. Arm stops, é, 
and an abrasive, f, consisting of No. 2} garnet paper or cloth 6 in. in 
width, held on the rubber-covered drum by four rubber bands. ‘The 
ends of the abrasive sheet are cut at an angle of about 80 deg. and 
when in place have a clearance of about ;; in. ‘Test specimens, g, | in. 
square and approximately } in. in thickness are cemented to small 
fiber disks which in turn are fastened to the weighted arms. 


1P, A. Sigler and W. L. Holt, “A Simple Abrasion Test Machine for Rubber,” /ndia Rubber 
World, Vol. 82, No. 5, p. 63, August, 1930. 
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Procedure 

8. (a2) In making a test, the specimens shall first be allowed to 
wear until the surface conforms to the shape of the drum. The 
machine shall then be stopped, the gage bridge locked in place, and 
all gages and the counter set at zero. The machine shall then be run 
until about 0.1 in. has been abraded from the standards, and the 
machine again stopped, and the counter and gage readings recorded. 
The readings shall always be taken with the drum in the same position. 
For routine work, these readings give the abrasion resistance in 
terms of “revolution per 0.1 in. wear.” 
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Fic. 1.—National Bureau of Standards Abrader. 


(b) For purposes of conforming to this method, the weight of 
the test specimen before and after abrading may be measured and 
the volume loss calculated. 

(c) From the loss in weight, the volume loss and abrasion resist- 
ance shall be calculated in accordance with Section 24. 


Method B. E.1I. du Pont de Nemours and Co. Abrader' 
Test Specimen 
9. The test specimens shall be 2 cm. square by 1 cm. in thickness. 


Apparatus 


10. The essential features of the apparatus, illustrated in Fig. 2, 
are as follows: A disk which carries an abrasive surface is mounted 

‘Ira Williams, ‘Measurement of Abrasion Resistance of Rubber,” Industrial and Engineering 
Chemistry, Vol. 19, No. 6, p. 674, June, 1927. 
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on a hollow shaft and rotates counter-clockwise in a vertical plane at 
a speed of 37 r.p.m. Two test specimens are mounted on the inside 
of a bar, one placed at each end so that their centers are a distance of 
5 in. apart. ‘This bar is attached permanently to a rod (axis) which 
extends through the hollow shaft carrying the abrasion disk. A weight 
attached to the end of this rod by means of a cable and acting over a 
pulley holds the test specimens against the abrasive. A lever arm js 
attached to the end of the bar which holds the test specimens. The 
other end of this lever arm carries a bucket, the weight of which is 


y 


Fic. 2.—E. I. du Pont de Nemours and Co. Abrader. 


adjusted with shot, just enough to prevent rotation. A vernier spring 
balance is attached to the lever arm for final adjustment of the load. 
The abrasive generally used is No. 0 emery paper. The abrasive 
surface is cleaned by means of air jets. 

Procedure 


11. (2) Two test specimens shall be inserted in the clamps of 
the balance lever and the clamps then tightened uniformly, care being 
taken to avoid distorting the surface to be abraded. ‘The balance 
lever shall be placed in position with its axis rod extending through 
the hollow shaft which supports the abrasive disk. 

The same procedure shall be followed inserting two test speci- 
mens of the comparison standard i in the clamps. The 3.62-kg. weight 
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shall be connected to the end of the axis rod, leveling the cable over 
the grooved pulley, thus holding the test specimens evenly and firmly 
against the abrasive disk. The balance weight (bucket) shall be 
attached to the end of the lever arm and the spring balance connected 
to the lever arm (for most tests the total weight of the bucket and shot 
will be 500 g.). 

(b) The surface of the abrasive disk shall first be cleaned by 
applying 20-lb. air pressure to them through the jets. The air shall 
be filtered to remove oil, water and dirt. Any evidence of these 
appearing on the abrasive disk shall be cause for repeating the test. 
The machine shall be run until the test specimens are seated evenly, 
the specimens then removed and weighed. ‘The test specimens shall 
then be replaced in exactly the same position as before and run for 
20 min., adjusting the load applied by means of the spring balance 
to offset rotation of the balance lever. The lever arm will fluctuate 
slightly between the stops provided on the machine, but should not 
touch the stops. At the completion of the test, the specimens shall be 
removed and weighed. 

(c) From the loss in weight, the volume loss and abrasion re- 
sistance shall be calculated in accordance with Section 24. 


Method C. The B. F. Goodrich Co. Abrader' 
Test Specimen 


12. The test specimens shall be rings 1.5 in. in outside diameter 
by 1 in. in inside diameter and at least 2; in. in thickness. 


Apparatus 


13. The essential features of the apparatus, illustrated in Fig. 3, 
are as follows: A steel mandrel 1 in. in diameter and 3 in. in length, 
over-all, on which the ring test specimens are mounted, and a cylin- 
drical can 3 in. in diameter and 9 in. in depth filled with No. 6 
carborundum. In addition to the ring specimens, the mandrel 
carries hardened steel spacer rings 1 in. in inside diameter by 17, in. 
in outside diameter by 3; in. in thickness, which are knurled on the 
faces adjacent to the specimens. These serve to keep the specimens 
separated and to clamp them firmly when assembly is completed by 
tightening a nut on the end of the mandrel. The mandrel is fastened 
to a vertical shaft in such a way that the sample rings are revolved at 
fixed depths in the can filled with carborundum. The mandrel is 


1W. W. Evans, “An Apparatus and Method for Determination of Resistance to Abrasion of 
Rubber Products,” Proceedings, Am. Soc. Testing Mats., Vol. 23, Part II, p. 517 (1923). 
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driven by a reversible motor at a speed of 120 r.p.m. The can has 
an 8-mesh screen on the bottom to permit broken grains and rubber 
dust to escape. The abrasive mixture is always screened after use, 
one part of new abrasive being added to four parts of old before 
screening. ‘This proportion maintains a uniform supply of abrasive, 


Procedure 


14. Test specimens of both the sample and the comparison 
standard shall be weighed and placed on the mandrel, alternating the 


Fic. 3.—The B. F. Goodrich Co. Abrader. 


sample and the comparison standard. All specimens shall be kept 
separated by hardened steel spacers. The mandrel shall be mounted 
on the shaft, the can placed around it and the carborundum filled 
in around the rings. ‘The motor shall then be started, the time 
noted, and the specimens attached to the mandrel allowed to revolve 
in the carborundum. When the test is half finished, the mandrel 
shall be turned upside down and the motor reversed in order to ~ 
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equalize the abrasion on the test specimens. The duration of the 
test depends on the rate of wear of the material being tested. In 
general, the test shall be continued until there is at least 100 mg. loss 
in weight on each of the specimens. At conclusion of the test, the 
specimens shall be weighed and the loss in weight obtained by 
difference. 

Note.—Example: A compound of quality similar to that in rubber heels may 
require a wearing period of approximately 2 hr., while a high grade pure rubber 
compound such as inner tube stock may require 6 hr. for satisfactory results. 

(d) From the loss in weight, the volume loss and abrasion re- 
sistance shall be calculated in accordance with Section 24. 


Fic. 4.—Kelly-Springfield Abrader. 
Method D. Kelly-Springfield Abrader' 


Test Specimen 

15. The test specimens shall be mold-cured slabs 23 by 53%, in. 
by 3 in. in thickness with a very slight offset under the spores 
thickness at one end provided for mounting the specimen. 


Apparatus 

16. The essential features of the apparatus, illustrated in Fig. 4, 
are as follows: An abrasive wheel (Note) 14 in. in width and 6 in. in 
diameter which travels against the face of the specimen at a rate of 
2386 ft. per minute. For mounting the specimens tangentially to the 
10-in. wheel which revolves at 70 r.p.m., plates of spring steel 3 in. 
shorter than the specimen shall be used. 

Note.—Abrasive Wheel No. 1960-J made by the Norton Co., Worcester, 
Mass., or its equivalent, is satisfactory. 


1A, F. Hardman, W. L. Mackinnon and S. M. Jones, ‘“‘ The Kelly Abrasion Machine,” The Rubber 
Age, Vol. 28, No. 9, p. 463, February 10, 1931. 
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Procedure 


17. (a) The specimens shall be trimmed and then weighed to 
the nearest centigram before mounting on the spring plates. Three 
different compounds and the comparison standard shall be tested on 
four different runs of the machine. ‘The position of each specimen 
shall be changed after each run and the results averaged. All positions 
of the mounted specimen must be kept filled during each test, if only 
with blanks, to protect the spring plates from the abrasive wheel. 
Each test shall be run for 675 revolutions of the test specimen, and the 
specimen shall be again weighed after cleaning thoroughly. 

(6) From the loss in weight, the volume loss and abrasion re- 
sistance shall be calculated in accordance with Section 24. 


Fic. 5.—The New Jersey Zinc Co. Abrader. 


a 


_ Method E. The New Jersey Zinc Co. Abrader' 


Test Specimen 


18. The test specimens shall be blocks of rubber compound 2 by 
2 in. by 0.25 in. in thickness. For convenience, a mold 2 by 7 in. 


may be used, providing three test specimens. + 
Apparatus 


19. The essential features of this testing apparatus, illustrated 
in Fig. 5, are as follows: The horizontal abrasion track is 30 in. in 


1H. A. Depew, “An Explanation of Some of the Difficulties in Abrasion Testing of Rubber,” 
Proceedings, Am. Soc. Testing Mats., Vol. 28, Part II, p. 871 (1928). 
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outside diameter and 24 in. in inside diameter, the abrasive surface 
being feldspar embedded in concrete. The track is revolved at a 
speed of 30 r.p.m. and the dust is removed by brushes and suction. 
The machine is provided with four arms which bear on the abrasive 
track and six lifts raise and lower the 2 by 2 by 0.25-in. specimens 
to give cutting and tearing action. 


Procedure 


20. (a) After dieing out the test specimen to the 2 by 2 in. by 
0.25-in. size, it shall be buffed lightly on a large surface. A holder, 
made up of hard rubber faced with a soft rubber surface on one side 
shall be used, to which the test specimen shall be cemented. The 
mounted samples shall be placed in a clamp under pressure for approxi- 
mately 12 hr. before testing. 

(6) Four test specimens shall be placed into the slots of the four 
arms of the abrasion machine. ‘Three specimens of unknown value 
shall be tested along with a specified comparison standard. The 
tracks shall be revolved at 30 r.p.m., the usual test being 1000 revo- 
lutions of the track. If a specimen should wear through before the 
1000 revolutions are completed, a warning is provided by the soft 
blue rubber facing on the hard rubber holder. In such a case, the 
calculations shall be based on the actual number of revolutions of 
the track to failure. 

(c) The track shall be kept free from the abraded rubber dust by 
means of air suction and revolving brushes at each of the four arms. 

(d) The samples shall be weighed before and after abrasion. 
From the loss in weight, the volume loss and abrasion resistance shall 
be calculated in accordance with Section 24, 

Method F. United States Rubber Co. Abrader' 
Test Specimen 


21. The test specimens shall be slabs 2 by 3 by é in. or 2 by | 
5 by # in. to fit the standard machine. | : 

Apparatus 

22. The essential features of the apparatus, eseated | in Fig. 6, 
are as follows: A rotating wheel 3 in. in diameter with the outer rim 

1 in. in width and covered with an abrasive cloth (metallic cloth, 
60 grit). A specimen carrier moves the test specimen held in a suitable 
grip against this wheel, the wheel rotating against the direction of the 
movement of the table. The rotation of the wheel is reversed at the 
time the movement of the specimen table is reversed. Mechanical 


1 Described in catalogue of Henry L. Scott Co., Providence, R. I. 
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means are provided to raise the wheel from the work as it passes 
from specimen to specimen. An exhaust blower is provided to remove 
all dust from the wheel and specimens, and a small revolving brush 
to clean the wheel thoroughly as it is raised between the grinding of 
each specimen. ‘This will insure against the carrying of particles 
from one specimen to the next. A balance arm is provided for the 
purpose of regulating the pressure of the wheel on the specimens. 


as. 


Fic. 6.—United States Kubber Co. Abrader. 


The machine is equipped with a counter which registers the number 
of cycles or applications of the abrasive wheel to each specimen. 


Procedure 


23. (a) After the specimens to be tested have been weighed, 
they shall be placed in the machine and firmly fastened in place, 
care being taken that the faces to be abraded are all in the same plane 
and exactly flush with the restraining edges of the traveling table. 
A fresh piece of abrasive cloth shall be used for each test. 

(6) The machine should be at the end of a cycle so that when 
started, each specimen will receive the same number of applications 
of the abrasive wheel provided that at the conclusion of the test the 
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machine is again stopped at the end of acycle. The machine is geared 
to make nine cycles per minute and the length of the test to be made 
will necessarily depend upon the type of stock being tested. The 
test shall be run long enough to remove sufficient quantity of the 
specimen by abrasion to reduce the percentage of error to a minimum. 
A general rule which should apply requires that the test run until the 
specimen has been abraded to such a depth that there is still 0.15 in. 
(0.039 cm.) of material at the point of the deepest cut. The test 
shall be stopped at a convenient time when abrasion has proceeded to 
practically this point, at an even number of cycles to facilitate the 
calculation of results to a common basis for comparison. The test 
specimens shall then be removed and weighed after brushing them off 
to remove any loose particles which might remain adhering to the 
specimens. 

(c) From the loss in weight, the volume loss and abrasion re- 
sistance shall be calculated in accordance with Section 24. 


Calculation of Results 

24. (a) In each of the six alternative methods of test described 
in Sections 6 to 23 the loss in weight of the test specimen shall be 
accurately measured to within +1 mg., unless otherwise specified. 

(6) The specific gravity of the stock shall be determined to the 
second decimal place. The volume loss shall be calculated by dividing 
the loss in weight by the specific gravity. 

(c) The abrasion resistance shal] be calculated by dividing the 
volume loss of the standard by the volume loss of the sample and 
multiplying by 100. 

(d) The results shall be expressed as a percentage of the com- 
parison standard specified. 

Note.—Example: 110 per cent of A.S.T.M. Comparison Standard A. 
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TENTATIVE METHODS OF TEST 
- CHANGES IN PROPERTIES OF RUBBER AND RUBBER-LIKE 
MATERIALS IN LIQUIDS! 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of t 
Society, 260 S. Broad St., Philadelphia, Pa. ~~ 


A.S.T.M. Designation: D 471 - 37 T 


IssuED, 1937.? 
q Scope 

1. (a) These methods are intended for use in estimating the compara- 
tive ability of rubber and rubber-like compositions to withstand the effect 
of liquids. Owing to the wide variations often present in service conditions, 
no direct correlation between these accelerated tests and service performance 
may be given or implied. However, the methods yield comparative data on 

__ which to base judgment as to service quality and are especially useful in 
research and development work. ‘They are designed for testing any vul- 
canized rubber or rubber-like composition in the form of standard laboratory 
test sheets and should not be used for samples cut from a finished article of 
commerce. It is assumed that the tests will be used principally for inter- 
comparisons between compounds rather than for an estimation of service 

_ performance of manufactured products. 

(b) Except as may be otherwise specified in these methods, the requite- 
ments of the Tentative Methods of Physical Testing of Rubber Products 
(General Requirements) (A.S.T.M. Designation: D 15-35 T) of the 
American Society for Testing Materials* shall be complied with and are 
made a part of these methods. 


2. These tests consist of exposing test specimens to the influence of 
liquids under definite conditions of temperature and time for the purpose of 
measuring the resulting deterioration. The type of test varies depending 
upon the conditions of test and the nature of the liquid used. In any case, 
the deterioration is measured by the change in physical properties before 
and after immersion in the liquid. The physical properties used are changes 
1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 

A.S.T.M. Committee D-11 on Rubber Products. 
2 Accepted for publication as tentative by Committee E-10 on Standards, August 26. 


* Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 1153 (1935); also 1937 
Tentative Standards, p. 1260. 
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Tests FOR CHANGES OF RUBBER IN Ligumps (D 471-37 T) 1149 


in weight, volume, tensile strength, and ultimate elongation, as well as 
visual and manual inspection. 


Test Conditions 


3. (a) Temperature.—A suitable test “temperature s shall be chosen 
epending upon the conditions of the expected service. It shall be equal to 
or higher than the anticipated service temperature. In comparative tests, 
identical temperatures shall be employed. Use of one of the following 
temperatures is recommended: 25 C. + 5C.; 70C.+1C.; 100C.#1C. 
(b) Periods of Immersion—Choice of the period of immersion to— 
be used in any given test depends upon the nature of the composition, — 
the temperature of test, and the liquid employed. Periods of 24 hr., 48 hr., 
7 days, 30 days are as vent it is 


order to wre information concerning the rate of deterioration. 

(c) Liquids—Tests shall be made using the liquid with which the test 
material will come in contact in service. For comparative tests with liquids 
of unknown or questionable composition, samples from the same drum or 
shipment of liquid shall be used. This is of great importance when using 
such liquids as gasoline, kerosine, mineral oil, and gas house drip oil. 

(d) All immersion tests shall be made in the absence of light. _ 


Apparatus 

4. The following apparatus shall be used for immersing each test 
specimen : 

(a) For Volatile Liquids.—A glass test tube having an outside diameter 
{38 mm. and an over-all length of 300 mm., fitted tightly with a cork 
stopper and a reflux condenser. A suitable bumper such as glass beads 
shall be used in the liquid in the test tube. 

(b) For Non-Volatile Liquids.—A glass test tube having an outside 
diameter of 38 mm., and an over-all length of 200 mm.., fitted loosely with a 
cork stopper. A glass test tube having an outside diameter of 38 mm., 
and an over-all length of 300 mm., may be used. 


Test Specimens 


_ 5. (a) The test specimens shall be cut longitudinally from vulcan- 
ed sheets prepared as described in Sections 4 to 6 of the Tentative 
Methods of Physical Testing of Rubber Products (General Requirements) 
AS.T.M. Designation: D 15-35 T) of the American Society for Testing 
Materials. 

(b) For the determination of changes in weight or volume, and for 
Visual or manual inspection, rectangular test specimens having dimensions 
of 1 by 2 by 0.075 in. shall be used. 


sa ‘- Soc. Testing Mats., Vol. 35, Part I, p. 1153 (1935); also 1937 Book of A.S.T.M. Tentative 
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1150 TrEsts ror CHANGES OF RUBBER IN Ligumps (D 471 — 37 T) T 
(c) For immersion in connection with the determination of changes j mediat 
tensile strength and ultimate elongation, rectangular test specimens havin 
_ of 1 by 5 by 0.075 in. shall be used. test SP 
(d) At least three test specimens shall be used for each determination J i™™ 
the results averaged. liquid 
INCREASE IN WEIGHT 
Procedure 
6. The test specimen shall be weighed in air to the nearest milligram remov 
and placed in a test tube as described in Section 4 (a) or (6), depending or ‘ato 9: 
the type of liquid to be used in the test. To this test tube shall be added paper 
100 ml. of test liquid. If a non-volatile liquid is being used, the test tube the le 
may then be placed in a thermostatically controlled air oven for the required ( 
7 length of time. However, if a volatile liquid is being used, the test tube positi 
. shall be fitted with a reflux condenser as described in Section 4 (a) and speci 
placed in a liquid bath thermostatically controlled at the desired tempera- The : 
ture of test. In either case a control test tube containing the test liquid or JP jecct 
any other suitable medium and a precision thermometer shall be used along J jor 
with the test tubes containing the test specimens. After the immersion —_ 
test has proceeded the required length of time, the test specimen shall be 
removed, dipped quickly into 95 per cent ethyl alcohol, blotted lightly with 
filter paper, placed immediately in a tared, stoppered, weighing bottle and Proc 
the weight after test determined. After weighing, the test specimen shall 
be again immersed in the test liquid if data is desired on the progressive len 
changes which occur with increasing time of immersion. It is important Rut 
that each manipulation take place promptly with the least possible elapse Tes 
of time. No more than 30 sec. shall be allowed for each step except the we 
- actual weighing in the tared, stoppered, weighing bottle. So 
-INcREASE IN VOLUME 
7. (a) Water Displacement Method for Water Insoluble Liquids and re 
Mixed Liquids.—The initial water displacement of the specimen shall be tut 
determined by weighing it in air and in distilled water at room temperature, to 
the difference being the weight of the water displaced by the specimen. Se 
The specimen shall then be dipped quickly into 95 per cent ethyl alcohol. : 
blotted dry with filter paper, and placed in the immersion apparatus . 
as described in Section 4 (a) or (b). One hundred milliliters of liquid shall de 
then be added to the test tube and the immersion test carried out as de- : 
scribed in Section 6. At the end of the required length of immersion time. . 
the specimen shall be removed from the test tube and dipped quickly , 
into 95 per cent ethyl alcohol at room temperature, blotted lightly with 8 


filter paper, placed in a tared weighing bottle and weighed. It shall 
then be removed from the bottle and weighed in distilled water in 
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mediate consecutive procedure to determine the water placement 
iter test. If the immersion has been at an elevated temperature, the 

test specimen should be cooled to room temperature at the end of the 
‘mmersion period by being transferred to a cool, clean portion of the test 
liquid prior to being dipped i in alcohol. It is important that all air bubbles 
dinging to the test specimens be removed during the weighing in distilled 

water. When data is desired on the progressive changes occurring with 
increasing time of immersion, the test specimen shall be immediately 
removed from the water after making this determination, dipped quickly 

into 95 per cent ethyl alcohol at room temperature, blotted lightly with filter 

paper to remove the water and alcohol, and replaced in the test liquid — 
the least possible lapse of time. - 

(b) Specific Gravity Method for Water Soluble Liquids of Known Com- 

position.—This method is not satisfactory for mixed liquids because the 
specific gravity of the absorbed liquid may differ from that of the bulk. 
The same procedure shall be used as for the water displacement method 
described in Paragraph (a), except that after blotting the test specimen with 
ilter paper and weighing, it is not removed from the bottle nor weighed 
in water. 


Procedure 


CHANGES IN TENSILE STRENGTH AND ELONGATION _ 


8. The tension testing of the specimens in this method shall be as 
described in the Tentative Methods of Tension Testing of Vulcanized 
Rubber (A.S.T.M. Designation: D 412 - 36 T) of the American Society for 
Testing Materials,! excepting that the dumbbells shall be the 1 by j-in 
shape (Section 8, Fig. 3, Die C) and that the pressure foot of the micrometer 
Section 10) used for thickness measurement shall exert a total force of 
3.0 oz. The original tensile strength and elongation shall be determined. 
using duplicate specimens to those which are to be immersed in liquid. The 
rectangular specimens, prescribed in Section 5 (c), shall be placed in test 
tubes as described either in Section 4 (a) or (6) and 150 ml. of liquid added 
to each. The immersion test shall then be carried out as described in 
Section 7 (a) except that after blovting the test specimens with filter paper 
the procedure varies according to whether it is required to determine the 
deterioration immediately or after recovery. For testing the immediate 
deteriorated properties, dumbbell tension test specimens shall be died out, 
gaged and tested immediately. For the recovered properties the specimens 
shall be suspended in air, protected from light and draft, and held at room 
temperature for 24 hr., after which dumbbell specimens shall be died out, 
gaged and tested. The procedure actually employed shall be noted in 
the report. 


' Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1105 (1936) ;also 1937 Book of A.S.T.M. Tentative 
tandards, p. 1266. 
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CALCULATIONS AND EXPRESSION OF RESULTS 
Calculations 
9. (a) The increase in weight (Section 6) shall be calculated as follows 


Weight After Test — Initial Weight 
Initial Weight 


Percentage Increase in Weight = Xx 100 


(b) The increase in volume shall be calculated as follows: 


Water Displacement Method (Section 7 (a)): 
Water Displacement After Test — Initial 
Water Displacement 


ercentage Increase in Volume = 00 
Initial Water Displacement x! 


Specific Gravity Method (Section 7 (b)): 
Percentage Increase in Weight x Specific Gravity 
of Sample 
Specific Gravity of Liquid 


Percentage Increase in Volume = 


(c) The deterioration in tensile strength and ultimate elongation follov 
(Section 8) shown by the difference between the determinations before appli 
and after immersion shall be expressed as a percentage of the original and j 
property. 


Report 

10. ‘The report shall include the following: a 

(a) The results calculated in accordance with Section 4 9, 

(b) All observed and recorded data on which the selenbesbene are based, 

(c) The exposure period, OE 

(d) The temperature of exposure, 

(e) The liquid used, 

(f) Statement of condition of exposed specimens from visual and 

manual examination, 

(g) The duration, temperature, and date of vulcanization of the test 
specimens, and 

(h) The dates of the various periods of exposures. 
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FOR 
RUBBER HOSE! 
A.S.T.M. Designation: D 380-37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


gnnual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


_ TENTATIVE METHODS OF TEST 


IssuED, 1937.? 

Scope 
1. (a) These methods are intended for use in the examination and test 
of all types and constructions of rubber hose. The term “rubber” as herein 
sed includes synthetic compounds as well as compounds of natural rubber. 
(b) Except as otherwise specified in these methods for rubber hose, the 
following methods of test of the American Society for Testing Materials, | 


applicable in general to vulcanized rubber, shall be complied with as required 


and are hereby made a part of these methods: 


General Physical Test Requirements.—Tentative Methods of Physical 
Testing of Rubber Products (General Requirements) (A.S.T.M.. 
Designation: D 15 — 35 T). 

Tension Test.—Tentative Methods of Tension Testing of Vulcanized 
Rubber (A.S.T.M. Designation: D 412 — 36 T).‘ 

Aging Test.—Tentative Methods of Test for Accelerated Aging of 
Vulcanized Rubber (A.S.T.M. Designation: D 428 — 36 T).4 

Adhesion Test.—Tentative Methods of Test for Adhesion of Vulcanized 
Rubber (Friction Test) (A.S.T.M. Designation: D 413 — 36 T).4 


(c) In case of conflict between the provisions of these methods and 
those of detailed specifications or methods of test for a particular hose, the 
latter shall take precedence. 


SAMPLING 

Sampling 
2. (a) A sample of sufficient length for proper performance of the — 
required tests shall be cut from the hose when possible without impairing 
its use and the pieces of hose from which samples have thus been cut shall 
be accepted by the purchaser as full length, provided the hose meets the 


!Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
AS, T. M. Committee D-11 on Rubber Products. 
pted for publication as tentative by Committee E-10 on Standards, August 26, 1937. 
* Proceedings Am. Soc. Testing Mats., Vol. 35, Part I, p. 1153 (1935); also 1937 Book i S.T.M. Tenta- 
tive Standards, p. 1260. 
sreegedines. Am. Soc. Testing Mat., Vol. 36, Part I, pp. 1105, 1113, 1120 (1936); also 1937 Book of 
T.M, Sane Standards, pp. 1266, 1274, 1286. 
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specified requirements. In general, the amount required and the frequency 
of sampling for each size and type of hose shall be one 30-in. sample from 
each 500 ft., or fraction thereof, of hose over 1} in. in nominal diameter 
and one 36-in. sample from each 500 ft., or fraction thereof, of hose 1} ip, 
or under in nominal diameter. 

(b) Where the construction of the hose does not permit the cutting of 
samples as described in Paragraph (a) without impairment of use, as in 
wire inserted hose, dredging sleeves, etc., a separate length having the same 
specifications shall be provided, either as an additional length or as a 
prolongation built on to the hose. Wire shall be omitted from the prolonga- 
tion or sample length unless the detailed physical tests include requirements 
that measure the effect of the wire or metal elements in the construction. 
Additional lengths taken for purpose of tests shall be paid for by the 
purchaser, provided they conform to the specified requirements. 

(c) The sampling of cotton-jacketed rubber-lined hose shall be in 
accordance with detailed specifications for this material. 


MEASUREMENTS OF SIZE AND THICKNESS 
Measurement of Hose 


3. (a) Length.—The length shall be determined by means of a steel 
tape or calibrated measuring device and shall not include the length of 
fittings except when specifically so requested and recorded. In the case of 
cotton-jacketed rubber-lined hose, the length shall be determined under a 
10-lb. internal pressure. 

(b) Outside Diameter-—The outside diameter shall be determined by 
calculation from measurement of the outside circumference. A tape 
graduated to read the diameter directly may be used. 

(c) Inside Diameter—The inside diameter shall be measured with a 
plug gage except that on hose larger than 3 in. in nominal diameter, a steel 
scale or caliper may be used. 


Thickness of Tube, Cover or Other Rubber Elements 


4. (a) The thickness of a rubber element shall be determined by means 
of a micrometer graduated to thousandths of an inch and having a presser 
foot 0.25 in. + 0.01 in. in diameter, exerting a total force of 9 oz. + 0.102. 
The load shall be applied by means of a weight. 

(b) A rubber element adjoining a braid or helical wound reinforcing 
member of any material shall have the thickness taken as the average 
between two measurements of thickness, one of which shall be obtained 
using the unbuffed specimen and the other using a specimen which is bufied 
just sufficiently to remove the braid or helical corrugations. , 

(c) Arubber element adjoining a seamless woven jacket of any material 
shall have the thickness taken on a specimen which is buffed just sufficiently 
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to remove the corrugations caused by the woven jacket. Where backing is 
ysed on a rubber element, the backing shall be removed before thickness 
measurements are taken. 

(d) A rubber element adjoining flexible metal convoluted lining shall 
have the thickness determined at the valleys formed by the tops of the 
metal convolutions. ‘The opposite side of the rubber element, adjacent to 
ther reinforcing members, shall be prepared for thickness measurement as 
specified in the other paragraphs of this section, depending upon the type 
of reinforcing member. 

(e) A rubber element adjoining reinforcing fabric woven prior to 
assembly in the hose, shall have the thickness determined on a specimen 
which is unbuffed. 


‘ Test CONDITIONS AND NUMBER OF TESTS 


Test Conditions 

5. The temperature of the testing room shall be between 70 and 90 F. 
21 and 32 C.). The samples to be tested shall be kept in this room for at 
least 30 min. previous to the time of testing. 


Number of Tests 

6. (a) When minimum requirements are established, one specimen 
shall be tested for each physical characteristic required in the detailed 
specifications for a particular hose except in the immersion tests given in 
Sections 20 to 23, inclusive. If the results do not meet the specified require- 
ments, two additional specimens shall be prepared from the original sample 
and tested. Should the results of either of these tests be below the specified 
requirements, the sample shall be considered to have failed to meet the 
specifications. 

(b) If minimum requirements are not established, at least three 
specimens shall be tested and the results averaged. 


TENSILE STRENGTH AND ELONGATION OF RUBBER 


Tension Test Apparatus 

7. (a) Testing Machine.—Tensile strength and elongation tests shall 
be made on apparatus accurate within + 1 per cent and provided with an 
accurate device for indicating the actual maximum load at rupture. The 
preferred type of apparatus is a power-driven machine of the inclination- 
balance or pendulum type, but a spring balance accurately calibrated 
may be used. 

(b) Grips for Testing—The grips for holding the test specimen shall 
be such that they tighten automatically, exerting a uniform pressure, 
proportional to the applied tension, across the full width of the enlarged 
end of the test specimen. The moving grip shall move at a constant speed 
of 20 in. per min. 
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Tension Test Specimen 


8. (a) Separation of Rubber Parts.Sufficient length shall be cut from 
the hose sample to provide longitudinal tension test specimens from hog 
| in. and under in nominal diameter and transverse test specimens oj 
larger sizes. ‘The rubber parts to be tested shall be separated from the 
balance of the hose without the use of gasoline, if possible. If it is necessary 
to employ gasoline to effect the separation, it shall be straight run gasoline 
of the quality known as aviation grade and shall have the following 
characteristics: 


Specific gravity at 60 F 
Distillation limits: 


128 to 143 F, 
hands 156 to 174 F. 
182 to 207 F. 
97 per cent 


The gasoline shall contain no lead compounds and shall not leave an 
appreciable amount of oily residue when evaporated. After use of gasoline, 
the test specimen shall be allowed to rest at least an hour before testing. 

(b) Preparation of Specimen.—-The test specimen shall be stamped out 
from the separated rubber part with dies conforming to Fig. 1 A, B, or C. 
In no case shall the thickness of the test specimens exceed } in. Test 
specimens shall be free from marked irregularities of thickness. 

(c) Buffing.—The specimen shall be buffed, but only to the extent 
necessary to remove surface corrugations, irregularities, or excess thickness, 
and to insure smooth faces. Buffing shall be done without excessive heating 
and the test specimen shall be allowed to rest after buffing for at least 10 min. 
before being tested. 

(d) Marking.—Parallel gage lines 1 to 2 in. apart, depending upon the 
die used, shall be marked on the test specimen at right angles to the longi- 
tudinal axis by means of an accurate stamp or bench marker. Care must 
be taken to make fine lines and to avoid injuring the specimen. 

(e) Measurement of Test Specimen.—The thickness of the test specimen 
shall be the minimum thickness found between the marks on the constricted 
portion, using the standard micrometer described in Section 4 (a). 


Tension Test Procedure 
9. (a) The test specimen shall be placed in the jaws. The jaws shall 
be separated at the specified rate of speed until rupture takes place. The 
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distance between the centers of the gage marks noted at the instant of 
rupture shall be measured using a rule or tape graduated to eighths of an 
inch or smaller divisions. 

(b) Test specimens that break outside of the gage marks or are found 
to be imperfect shall be discarded and retests shall be made. 


-/"- 
Die 


Fic. 1.—Tensile Strength and Elongation Test Specimens. 


Die B shall be used when the size of the sample and the tension and stretch limits of the testin “machine 

permit, with exceptions as explained below. If the tension limit is too low for the machine, use ie A. If 

the to is too high for the machine, use Die C. Die C shall also be used for samples which are too small 
or 


(c) The tensile strength in pounds per square inch shall be calculated 
from the breaking load indicated by the machine and the original cross- 
sectional dimensions of the test specimen. 

(d) The elongation shall be the difference between the original gage 
length and the total distance between the gage marks at the time of rupture 
as measured in Paragraph (a) and shall be expressed in percentage of the 
original gage length. 
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PERMANENT SET! 


Permanent Set Test 

10. The specimen for the permanent set test shall be prepared as {or 
determining tensile strength (Section 8) and placed in a suitable stretching 
device. ‘The grips shall conform to the requirements specified in Sectio; 
7 (b). The specimen shall be stretched to an amount equal to three-fourth; 
of the ultimate elongation specified, held for 2 min., released, and the 
distance between the centers of the gage marks measured at the expiration 
of 2min. ‘The difference between this measurement and the original gage 
length divided by the original gage length and expressed as a percentage 
shall be recorded as the permanent set. If no ultimate elongation is specified, 
the specimen shall be stretched an amount equal to three-fourths of the 
elongation determined under Section 9. SE 


ADHESION TESTS 


Adhesion Test Specimens 


11. (a) From cotton-jacketed rubber-lined hose adhesion test speci- 
mens shall be cut transversely from the samples in rings 2 in. in width, 


"ret rings shall then be opened at the lap and laid out flat so as to give 


_ rectangular specimens of length equal to the full circumference of the hose. 
Jn each specimen a central strip of lining 13 in. in width shall be cut accu- 
rately, the cut extending through the lining but not entirely through the 
cotton jacket. These strips shall be separated from the jacket at one end 
for a distance of about 1} in. 

(b) From other types of hose the adhesion test specimens shall be cut 
transversely from the samples in rings 1 in. in width using a sharp tool 
which will leave clean edges. On hose } to 4 in., inclusive, in internal 
diameter the specimens shall be tested in ring form and shall be referred 
to as “ring specimens.” For hose over 4 in. in internal diameter the rings 
shall be cut through at the point where the outside ply of fabric ends, and 
opened to form strips which shall be referred to as “strip specimens.” 

(c) Adhesion specimens from hose less than } in. in internal diameter 
shall be cut longitudinally from the hose. Since the width of these spec- 
mens will be less than 1 in., the adhesion shall be determined on the contact 
width of the test specimen. 

(d) In hose constructions having braided wire or woven wire filler 
reinforcing members, it is impracticable to prepare adhesion test specimens 
except for determining cover adhesion. 


Adhesion Test Procedure 
12. (a) Ring Specimens.—The ring specimen shall be placed on 4 
mandrel having a diameter equal to the nominal diameter of the hose. 


1 The amount of permanent set is considered by many rubber technologists as having no relation to the 
service value of rubber compounds except for some specialized requirements. The permanent set test 
therefore, not recommended for general use. 
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The parts to be tested shall be separated sufficiently by hand to permit 
attaching the jaws of a testing clamp. With the mandrel supported so 
that it may revolve freely with minimum friction, the prescribed weight 
shall be attached to the clamp with suitable provision for supporting and 
releasing it slowly without jerking. ‘The average rate of separation shall 
not exceed 1 in. per min. The separation shall be noted for a period of 
4min., unless the small size of the specimen makes a shorter period necessary. 

(b) Strip Specimens.—The various parts to be tested shall be separated 
at one end of the strip specimen a sufficient distance to permit attaching 
the jaws of the testing clamp. The strip specimen shall be suspended by 
the separated end, all separate parts of which, except the one under test, 
shall be clamped in the jaws of the testing clamp. A minimum weight 
sufficient to maintain the strip specimen in approximately a vertical position 
shall be attached to the lower end of the test specimen, or the specimen 
may be held against a vertical plate in such a manner as to hold the specimen 
in approximately a vertical position during the test. The specified weight 
shall be applied to the separated end with suitable provision for releasing it 
slowly without jerking. The average rate of separation shall not exceed 
lin. per min. ‘The separation shall be noted for a period of 4min. 


Hyprostatic TEsTs 

Types of Tests 

13. Hydrostatic tests of hose consist of subjecting the specimen to the 
action of internal water pressure under specified conditions to determine 
either the bursting strength of the hose or the effect of lower hydrostatic 
pressures in producing changes similar to those occurring in service. In 
the latter case, the test may be used as an inspection proof test with a 
minimum safe limit. Bursting strength is determined on short specimens 
cut from the full hose lengths but in tests for service effects and for proof 
inspection, the full lengths are used as specimens. ‘The specimens may be 
tested, as required, in straight, curved or kinked positions, depending upon 
the stresses which are desired to be evaluated. 


Application of Hydrostatic Pressure 


14. Hydrostatic pressure shall be applied by means of a hand or 
power-driven hydraulic pump or an accumulator system. ‘The hose shall 
be connected to the water line or pump and filled with water prior to applica- 
tion of pressure, allowing all air in the hose to escape through a petcock 
provided for the purpose. This is important as a safety measure because 
expansion of air compressed in the hose, when suddenly released by bursting 
or other failure, might result in a serious accident. ‘The petcock shall then 
be closed and the pressure shall be applied at a uniform rate of increase of 
approximately 1000 Ib. per sq. in. per min. Pressure shall be measured 
with a calibrated gage. 
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Bursting Test 


15. (a) The specimen for the hydrostatic test for bursting strength 
shall be at least 18 in. in length for hose 3 in. and smaller in inside diameter 
and at least 24 in. in length for larger hose. The pressure shall be raised 
as specified in Section 14 until failure, and the pressure at which failure 
occurs shall be considered the bursting strength of the hose. 

(6) ‘The curved bursting strength test for cotton rubber-lined fire hose 
shall be made in accordance with Paragraph (a), except that the hose shall 
be firmly secured at both ends to a suitable test frame which is curved to a 
radius of 27 in. 


Hydrostatic Pressure Tests 


16. (a) When tests for elongation, contraction, twist, warp rise, and 
expansion are required, the hose shall be stretched out straight for inspection, 
and a pressure of 10 lb. per sq. in. applied. All original observations and 
measurements shall be taken at this pressure. The designated test pressure 
shall be applied at the rate specified in Section 14 without releasing the 
original pressure of 10 lb. per sq. in. and final measurements taken. The 
test pressure shall not be applied longer than 5 sec. 

(b) Proof Pressure Tests-—When proof pressure tests to determine 
leakage of hose or couplings are required, the proof pressure shall be applied 
as in Section 14, and held 1 min. ‘The proof pressure shall not exceed 40 
per cent of the specified minimum bursting strength. 

(c) Kink Tests.—When kink tests are required, each length of hose 
selected shall be filled with water with the petcock open to allow all air to 
escape. ‘The petcock shall then be closed and the hose shall be kinked at 
one end 18 in. from the coupling by tying the coupling back against the 
hose so that there will be a sharp kink. The pressure shall then be raised as 
specified in Section 14 to the required pressure and immediately released. 

STEAM TESTS 
Types of Test 

17. (a) Steam tests of hose consist of subjecting test specimens having 
previously determined physical properties to the action of steam under 
controlled conditions for known periods after which the physical properties 
are again measured and the changes noted. In these methods two types of 
test are given which differ in the manner in which the specimens are exposed 
to the action of the steam. In one type, named the rack method, the steam 
is in contact only with the interior of the hose while in the other type, called 
the digester method, the specimen is entirely surrounded by steam. ‘The 
choice of type of test to be used for a given hose sample depends on the 
kind of service being evaluated. 

(b) Tensile strength and ultimate elongation of the rubber parts and 
strength of adhesion are the physical properties used in addition to visual 


and m 
be det 


Rack 
li 
able c 
at suc 
vertic 
presst 
shall 
suital 
trap. 
samp 
shall 


ing, 
The 

to in 
succ 
duri 
the 

und 
thar 
dete 


Digs 


: 

| 
= 
hav 
thr 
alr 
equ 
me 
abe 
Sal 
cal 
ing 
us 
48 
di 
fo 


Mernops or Test FoR RusBer Hose (D 380-37 T) 


and manual inspection for evaluating the effect of the steam. These shall 
ngth be determined in accordance with Sections 6 to 11, inclusive. 


Pre Rack Method 

ane 18. (a) Apparatus.—Two fixed horizontal steam headers having suit- 
able connections for attaching specimens shall be placed one above the other 

hose at such distance that the specimens will just fit between the connections in a 


shall vertical position without distortion. Dry saturated steam at the required 
pressure shall be supplied to the specimens through the upper header which 


ee shall be equipped with a pressure regulating valve, a recording gage and 
suitable indicating gages. ‘The lower header shall be connected to a steam 
trap. Shutoff valves shall be provided at each opening in each header. 
and (b) Test Specimen.—The test specimen shall be a piece of the hose 
ion, sample cut to length as required by the apparatus except that the length 
and shall not be less than 16 in. nor more than 24 in. 
sure (c) Procedure.—For determining the physical properties before steam- 
the ing, a portion of the hose sample not required for the rack test shall be used. 
The The specimen for steaming shall be mounted in the apparatus and subjected 
to internal steam pressure of 75 + 2 lb. per sq. in. for 7 hr. on each of two 
line successive days, the steam being turned off and the hose allowed to cool 
ied during the 17-hr. intermediate interval. After the second steaming period, 
40 the hose shall be removed from the apparatus, allowed to cool and held 
under laboratory atmospheric conditions for not less than 12 hr. nor more 
ose than 48 hr. after which the physical properties after steaming shall be 
he Digester Method 
os 19. (a) Apparatus.—For the digester test, a suitable pressure vessel 
ed. having a steam inlet with a regulating valve and a condensate outlet 
through a steam trap shall be provided. The vessel shall have a petcock 
air vent for escape of trapped air at the beginning of the test and shall be 
equipped with a recording thermometer or pressure gage. A perforated 
ng metal or wire frame shall be provided for holding the specimens at least 6 in. 
ler above the condensate outlet. 
ies (b) Test Specimen.—The test specimen shall be a piece of the hose 
ol sample cut to such length that all test specimens for physical properties 
ed can be obtained after discarding at least 2 in. at each end. 
im (c) Procedure.—¥or determining the physical properties before steam- 
ed ing, a portion of the hose sample not required for the digester test shall be 
he used. The specimen for steaming shall be placed in the digester and sur- 
he rounded by dry saturated steam at a pressure of 45 + 3 lb. per sq. in. for 
48 hr. continuously. At the conclusion of this period, the pressure in the 
id digester shall be released, the hose removed and examination made at once 


al for blistering of the inner tube or cover or loosening of the tube from the 
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fabric. The specimen shall be allowed to cool and to rest under laboratory 
atmospheric conditions not less than 12 hr. nor more than 48 hr. after 
which the physical properties after steaming shall be determined. — a. 


IMMERSION TESTS FOR SWELL AND DETERIORATION q 
or Hose UsEp FOR PETROLEUM PRODUCTS 
Types of Test f 
20. Immersion tests for evaluating the swelling and deteriorating 
effects of petroleum products on rubber hose consist of subjecting suitable 
test specimens from the rubber portion having known physical properties 
to the action of selected solvents by immersing the specimens completely 
in solvent under controlled conditions for definite periods after which the 
physical properties are again determined and the changes noted. In these 
methods two types of test are given. One type involves measurement of 
the change in volume of the rubber caused by the swelling action of the 
solvent. In the other type, the change in strength is measured. For the 
latter, alternative methods using different solvents are given. In any of 
the immersion tests, the choice of method and solvent depends upon 
the nature of the actual service and the petroleum product which is there 
being used. 


Gasoline Immersion Swelling Test 


21. (a) Test Specimens.—The test specimens shall be rectangular 
rubber blocks 2 by 1 in. having a thickness not over ;'g in. They shall be 
cut from the hose and buffed on both faces only to the extent necessary to 
insure smoothly buffed faces, except when the material is too thick, in which 
case the buffing shall be sufficient to reduce the specimens to 7 in. Three 
specimens shall be used for each test and the results averaged. 

(b) Procedure.—The volume of each test specimen shall be measured 
by the water displacement method in which the specimen is accurately 
weighed to the nearest milligram in air (W,) and in distilled water (W:) 
at room temperature. When weighing in water, care must be taken 
that the specimen is free from adhering air bubbles and, if necessary, it may 
first be wetted by being dipped in 95 per cent ethyl alcohol and thoroughly 
rinsed with distilled water. After weighing, the specimen shall be blotted 
dry with filter paper, completely immersed in gasoline and allowed to stand 
for 24 hr. at room temperature. The gasoline used shall be straight run 
aviation grade as described in Section 8 (a). Excessive evaporation may be 
avoided by fitting the container loosely with a cork stopper. At the 
termination of the immersion period, the specimen shall be removed from 
the gasoline, dipped in 95 per cent ethyl alcohol, blotted lightly with filter 
paper and immediately weighed in distilled water (Ws) as before. The 
final weighing shall be completed within 5 min. after removal from gasoline. 


(c) 
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(c) Calculation.—The volume increase shall be calculated as follows: 


W:—Ws 
W, — 
Kerosine-Benzol Immersion Strength Deterioration Test 

22. (a) Test Specimens.—Six dumbbell-shaped test specimens, pre- 
sared as described in Section 8, will be required. Both faces of the dumb- 
bells shall be buffed. 

(b) Apparatus.—The apparatus in which a specimen is subjected to 
the action of the solvent shall consist of a glass container fitted tightly with a 
cork stopper and an efficient reflux condenser. The specimen shall be 
supported at least 3 in. from the bottom of the tube by means of a wire 
screen or similar device. 

c) Kerosine-—The kerosine shall be of a grade conforming to the 
following requirements: 


Percentage Increase in Volume = < 100 


A.S.T.M. 
TEST DESIGNATION? LIMIT 


Burning quality test, hr : D 187 © 16 min. 
Flash point, deg. Fahr D56 ~— 115 min. 
End point, deg. Cent D86 330 max. 
Cloud point, deg Fahr 1) 97 ; 5 max. 
Sulfur, per cent D 90 0.13 max. 
Color, Savbolt number D 156 +16 min. 


* These designations refer to the following methods of the American Society for Testing Materials: 


Standard Method of Test for Burning Quality of Kerosine Oils (A.S.T.M. Designation: D 187),! 
Standard Method of Test for Flash Point by Means of the Tag Closed Tester (A.S.T.M. coe ance 


56) ,? 
Standard Method of Test for Distillation of Gasoline, Naphtha, Kerosine, and Similar Petroleum Products 
(A.S.T.M. Designation: D 86),? 
Standard Method of Test for Cloud and Pour Points (A.S.T.M. Designation: D 97), 
=e yo ya of Test for Sulfur in Petroleum Oils by Lamp Method (A.S.T.M. Designation: D 90 =-_ 
T),5 anc - 
Tentative Method of Test for Color of Refined Petroleum Oil by Means of the Saybolt Cheomometer 
(A.S.T.M. Designation: D 156 34 


(d) Benzol.—-The benzol shall be a pure, water white grade, free from a 
suspended matter and conforming to the following requirements: 


Specific gravity at 60 F 0.875 to 0.886 
Distillation limits: 
Initial boiling point 168 to 172 F. 

95 per cent evaporated 174 F., max. 
176 F., max. 
98 per cent, min. 


(e) Procedure.—Three specimens shall be tested for tensile strength and | 
elongation in accordance with Section 9 and the results averaged to give the ~ 
properties of the rubber before immersion. The remaining three specimens 
shall be placed in the immersion apparatus and completely surrounded by 
solvent consisting of 85 per cent kerosine and 15 per cent benzol. With the 
reflux condenser in place the apparatus containing the specimen shall then 


11936 Book of A.S.T.M. Standards, Part II, p. 834. 
* Tbid., p. 907. 
* Ibid., p. 870. 
‘ Ibid., p. 853. 
* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 911, 895 (1934); also 1937 Book of A.S.T.M. | 
Tentative Standards, pp. 751, 720. a 
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be maintained at a temperature of 135 to 140 F. (57 to 60 C.) for 48 br 
Use of a thermostatically controlled liquid bath is recommended. At the 
end of this period, the specimens shall be removed, dipped once in acetone 
at room temperature and blotted lightly with filter paper. The specimexs 
shall then be suspended or placed on a screen and allowed to dry at room 
temperature in air protected from drafts for 24 hr. after which the tensile 
strength and elongation after immersion shall be determined as before 
except that the measurements for cross-sectional area and test length 
between bench marks shall be taken after immersion and drying. The 
deterioration shown by the difference between the determinations before and 
after immersion shall be expressed as a percentage of the original property, 


_ Oil Immersion Strength Deterioration Test 

. 23. This determination shall be made exactly as in the case of the 
kerosine-benzol test described in Section 22, except that the temperature 
during immersion shall be maintained at 200 F. + 2 F. (93 C. = 1C. 
for 48 hr. and the solvent shall be a neutral, pale, paraffin-base oil. The oil 
shall be yellow in color with blue fluorescence, free from turbidity and shall 
conform to the following requirements: 


A.S.T.M. 
DESIGNATION® MINIMUM MAXIMUM 
Specific gravity, per 0.878 0.882 
Saybolt Universal Viscosity at 122 F., sec. D 88 61 66 


* These designations refer to the following methods of the American Society for Testing Materials: 


Standard Method of Test for Flash and Fire Points by Means of Open Cup (A.S.T.M. Designation: D 92), 
—— \, rn of Test for Viscosity by Means of the Saybolt Viscosimeter (A.S.T.M. Designation: 


INSPECTION AND REJECTION 

Inspection 

; 24. (a) All tests and inspection shall be made at the place of manv- 
facture prior to shipment, unless otherwise specified. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to test 
and inspect the hose. 

(b) The purchaser may make the tests and inspection to govern the 
acceptance or rejection of the material in his own laboratory or elsewhere. 

Such tests and inspection shall be made at the expense of the purchaser not 
later than 60 days after receipt of the material. 


Retests and Rejection 


25. (a) Any material which fails in one or more tests may be resampled 
and retested at the expense of the manufacturer. For this purpose two 


11936 Book of A.S.T.M. Standards, Part II, p. 892. = 4 
2 Ibid., p. 982. 
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additional samples shall be selected from the hose for this test which failed 


to meet the requirements. Failure of either of the retested samples shall 
be cause for final rejection. 


(b) Rejected material shall be disposed of as directed by the manu- 


facturer and at his expense. 
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TENTATIVE METHODS OF TESTING — 
~RUBBER INSULATED WIRE AND CABLE! 
Por agi 
A.S.T.M. Designation: D 470 - 37 T 
This is a Tentative Standard and under the Regulations of the Society is subject t ( 
annual revision. Suggestions for revision should be addressed to the Headquarters of t! spares 
Society, 260 S. Broad St., Philadelphia, Pa. shall 
IssuED, 1937.2 ( 
Scope with 
1. These methods are intended for use in testing all types of rubber- entin 
insulated wire and cable. They are not to be considered completely aay 
applicable to all types of wire and cable, nor do they necessarily include Xo. 
every test applicable to a particular type. To determine the tests to be No. 
made on a particular wire or cable, reference should be made to the specifi- appr 
cations for that type. 
PuysIcaAL Tests oF INSULATION shall 
‘Scope 
2. Physical tests include the determination of tensile strength, tensile * 
stress, ultimate elongation, permanent set, and accelerated aging. test 
Sampling unif 
3. (a) Number of Samples.—Wire and cable shall be sampled as 
follows: 
For sizes less than 250,000 cir. mils, one sample shall be selected for hs 
each quantity ordered between 2000 ft. and 50,000 ft. of wire or cable and Te 
one additional sample for each additional 50,000 ft. thereafter. No sample the 
shall be selected from lots of less than 2000 ft. 
For sizes 250,000 cir. mils and over, one sample shall be selected for 
each quantity ordered between 1000 ft. and 25,000 ft. of wire or cable and ph 
one additional sample for each additional 25,000 ft. thereafter. No sample pn 
shall be selected from lots of less than 1000 ft. ap 
(b) Size of Samples.—Samples shall be at least 6 ft. in length where the th 
wire size is less than 250,000 cir. mils, and at least 3 ft. in length where the Sp 
wire size is 250,000 cir. mils or over. - 
sp 
1 Under the standardization precoduse of the Society, these methods are under the jurisdiction of the af 
A.S.T.M. Committee D-11 on Ru 
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Test Specimens 


4, 


Section 3, test specimens shall be prepared as follows: nia 


NUMBER OF 
Test SPECIMENS 


For determination of initial { Tensile strength, tensile stress, and ultimate elongation.. 3 
properties (unaged) Permanen. set 


Air pressure heat or oxygen pressure 
Geer oven 


One specimen of each three shall be tested and the other two held as 
spares except that where only one sample is selected all three specimens 
shall be tested and the average of the results reported. 

(b) Size-—In the case of wire and cable smaller than No. 6 A.w.g. 
with an insulation thickness less than 3; in., the test specimen may be the 
entire section of the insulation. Where the full cross-section is used, the 
sample shall not be cut longitudinally. In the case of wire and cable of 
No. 6 A.w.g. and larger, or in the case of wire and cable smaller than 
No. 6 A.w.g. having an insulation thickness greater than 3; in., samples 
approximately square in section, with a cross-section not greater than 0.025 
sd. in., shall be cut from the insulation. In extreme cases, it may be neces- 
carv to use a segmented or sector-shaped specimen. ‘The test specimens 
shall be approximately 6 in. in length. 

(c) Preparation.—The test specimen shall have no surface incisions and 
be as free as possible from other imperfections. Surface irregularities, such 
as corrugations due to stranding, etc., shall be removed by buffing. Whena 
test specimen is buffed, care shall be taken to make it smooth and of 
uniform thickness. 


Note.—The removal of the rubber insulation can be greatly accelerated and in most 
cases a test specimen which is an entire section can be obtained free from surface incisions 
and imperfections by means of mercury. ‘The mercury should be introduced at one end 
of the sample between the insulation and the tinned surface of the conductor, and the 
sample inclined on a support with the end to which the mercury is applied at the top. 
The separation of the rubber insulation results from the amalgamation of the tin of the 
conductor with the mercury. The amalgamation is assisted by first immersing and rubbing 
the tinning on the exposed end of the conductor in the mercury. 


(d) Condition and Age.—Samples of the insulated wire or cable for 
physical and accelerated aging tests shall be taken after vulcanization and 
prior to the application of any covering except that a cable tape may be 
applied before vulcanizing. No tests shall be made within 24 hr. nor later 
than 60 days after vulcanization unless agreed to by the manufacturer. 
Specimens shall not be heated, immersed in water, or subjected to any 
mechanical or chemical treatment not specifically prescribed in these 
specifications. Specimens for accelerated aging tests having cable tape 


applied prior to vulcanization shall be aged with such tape removed. a 
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Calculation of Area 


5. Calculation of the area of the test specimens shall be made x 
follows: 
(a) Where the total cross-section of the insulation is used, the are, 
shall be taken as the difference between the area of the circle whose diameter 
is the average outside diameter of the insulation and the area of the cop. 
ductor. The area of a stranded conductor shall be calculated from jts 
maximum diameter. 
(6) Where a slice cut from the insulation by a knife held tangent to 
the wire is used, and the slice so cut has the cross-section of a segment of a 
circle, the area shall be calculated as that of the segment of a circle whose 
diameter is that of the insulation. The height of the segment is the wall of 
insulation on the side from which the slice is taken. (The values may be 
obtained from a table giving the areas of segments of a unit circle for the 
ratio of the height of the segment to the diameter of the circle.) 
(c) Where the cross-section of the slice is not a segment of a circle, the 
area shall be calculated from a direct measurement of the volume or from the 
_ specific gravity and the weight of a known length of the specimen having a 
uniform cross-section. 
(d) Where a portion of a sector of a circle has to be taken where the 
the thik is large and the insulation thin, the area shall be calculated as 


the thickness times the width. (This applies either to a straight test piece 
or one stamped out with a die, and assumes that corrugations have been 
removed by buffing.) 
(e) Where a portion of a sector of a circle has to be taken where the 
conductor is large and the insulation thick, the area shall be calculated as 
Se proportional part of the area of the total cross-section. 
(f{) The dimensions of specimens to be aged shall be determined before 
the aging cycleisbegun. 
Test Procedures 
6. (a) Except as otherwise specified in these methods, the physical 
properties shall be determined in accordance with the Tentative Methods of 
Tension Testing of Vulcanized Rubber (A.S.T.M. Designation: D 412- 
_ 36 T) of the American Society for Testing Materials. 
(6) The samples to be tested shall be at a temperature of 20 to 28 C. 
(c) For all physical tests, specimens shall be marked with gage marks 
_ 2 in. apart and placed in the jaws of the testing machine with a maximum 
Bet between jaws of 4 in. 
(d) Tensile stress shall be determined as that load per unit area which 
_ produces the elongation of the sample required by the specifications. 
(e) Permanent set shall be determined after samples have been held at 


3 required elongation for the specified time. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1105 (1936); also 1937 Book of A.S.T.M. Tes 
tative Standards, p. 1266. 
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Aging Tests 

7. (a) Except as otherwise specified in these methods, samples shall — 
be aged in accordance with the Tentative Methods of Test for Accelerated | 
Aging of Vulcanized Rubber (A.S.T.M. Designation: D 428 — 36 T) of the - 
American Society for Testing Materials. 

(b) The period of aging shall be as stated in the specifications. 

(c) In not less than 16 hr. nor more than 48 hr. after the completion 
of the aging process, the aged samples shall be subjected to tensile strength 
and ultimate elongation tests in accordance with Section 6. Physical tests 
on both aged and unaged specimens shall be made at the same time. 


Retests 

8. If any specimen fails to meet the values which may be specified 
for any test, either before or after aging, that test shall be repeated on two 
additional specimens from the same sample. 


Report 

9. The report shall include the following: 

(a) The calculated values of tensile strength, tensile stress, ultimate 
elongation, and set, 

(b) All observed and recorded data on which the calculations are based, 
(c) The date of vulcanization of the rubber, if known, 
( 


d) The dates of all tests, 
(e) The ambient temperatures during the period of physical testing, 
f) The type of testing machine used, 


( 
(g) The method of aging, and a 
(kh) The time of aging. 
ELECTRICAL TESTS OF INSULATION 
Scope 


10. Voltage tests include the following: wte 
A. Voltage Test on Entire Cable oe 

B. Double-V oltage Test on Short Samples 

C. Cold-Bend, Long-Time Voltage Test on Short Samples 


Apparatus 


11. (a) Tests may be made with either alternating or direct voltage. 

(b) For tests with alternating voltage, there shall be used a transformer 

of such capacity that the wave form is not appreciably distorted from a 

sinusoidal shape when loaded with the test specimen. Voltage shall be 

measured by a tertiary coil and voltmeter or by an electrostatic voltmeter 

or potential transformer with suitable low voltage indicator, connected to 

the secondary, or high voltage side, of the test transformer. The frequency 

of a test voltage shall be nominally between 25 and 60 cycles per second, 
inclusive, 


_" Proceedings, Am. Soc. Testing Mats., Vol. 36, Part I, p. 1113 (1936); also 1937 Book of A.S.T.M. Ten- 
tative Standards, p. 1274. 
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(c) For tests with direct voltage, there shall be used a battery, generator 
or suitable rectifying equipment supplied with alternating current. Voltage 
shall be measured with an electrostatic voltmeter, or in the case of the 
rectifying equipment, with suitable low voltage indicators, provided the 
latter are so connected that their indications are independent of the test 
load. ‘The test rectifier shall at all times be so loaded, if necessary by the 
use of additional capacitive ballast, that the direct current ripple does not 
exceed 4 per cent. 


Application of Voltage 


12. (a) Single Conductor Cables.—Single conductor cables shall be 
~ tested between conductor and metallic sheath or water in which they 
immersed. 

(b) Multiple Conductor Cables-—In the case of multiple conductor 
_ cables, each conductor shall be tested against adjacent conductors and 
pew the sheath or water. 


d Rate of Application 


13. Voltage shall be increased from zero to the prescribed test value at 
_a uniform rate of rise approximating but not exceeding 3 kv. per sec. 


A. Voltage Test on Entire Cable 


14. Wire and cable shall be subjected to alternating voltages as may 
_ be specified or to direct voltages equal to 2.2 times the specified alternating 
voltages. ‘The duration of test shall be 5 min. 
15. Tests shall be made as follows: : 
(a) General.—Where insulated conductors are subjected to a high 
voltage test in water they shall be immersed in a grounded water bath and 
Br while still immersed. 
(b) Single Conductor.—Single conductors shall be tested after 12-hr. 
Bis irs and without covering except a tape or braid applied before 
vulcanization. 
Rubber sheathed conductors shall be immersed and tested after the 
_ sheath is applied. 
Where a metallic sheath is applied, the conductors shall be retested 
against the sheath. 
(c) Multiple Conductor.—The individual conductors of multiple con- 
_ ductor cables shall be tested before assembling as prescribed in Paragraph (6). 
After assembly, each conductor shall be tested against the adjacent 
conductors. Where a metallic sheath is applied each conductor adjacent 
to the sheath shall, in addition, be tested against the sheath. 
Cables having a rubber or other non-metallic waterproof sheath shall 
be immersed for 12 hr. and the conductors tested against ground. Cables 
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overed with cable tape and braid or double braid with a weather-resistant 
‘nish shall nct be immersed for testing. 

Cables having a metallic armor shall be tested after the application of — 
the armor at a voltage equal to 80 per cent of the test voltage before 
moring. Such cables shall be immersed for 12 hr. prior to test only if for 
submarine use, and if no lead sheath or shielding is applied. 


Double-V oliage Test on Short Samples 


Sampling 

16. One sample, 10 ft. or more in length as may be required, shall be _ 
taken from each 10,000 ft. or fraction thereof of each type of cable, with a> 
minimum of three samples. Tests upon lots of less than 10,000 ft. shall be ~ 
made only when specifically requested in the purchase order. Samples 
may be taken either from process or from completed cable, at the option of 
the manufacturer. 


Procedure 


17. At least one-half of the total length of each test specimen shall 
be in contact with the grounded terminal during the period of test. This 
part of each specimen shall be immersed in water at room temperature, 
after the removal of any metallic coverings, for a period of 1 hr. prior to — 
testing. At the end of this time, each test specimen shall be subjected for — 
5min. to a voltage equal to twice that specified in Section 14. 


C. Cold-Bend, Long-Time Voltage Test on Short Samples 


Sampling 

18. One 10-ft. sample shall be taken from each 10,000 ft. or fraction 
thereof of completed cable. Tests upon lots of less than 10,000 ft. shall be 
made only when specifically requested in the purchase order. 7 


Procedure 


19. (a) Each sample shall be subjected to a temperature of — 10 C. 
for a period of 2 hr. Immediately at the end of this period, the sample 
shall be bent 180 deg. around a cylindrical mandrel and then straightened. 

It shall then ‘be bent 180 deg. around the mandrel in the opposite direction. 
The cable shall be so held during bending operations that it cannot revolve 
around its own axis. | 

(b) The diameter of the mandrel shall be determined by the following — 


table: 


MANDREL DIAMETER AS A MULTIPLE 
i OF OVER-ALL CABLE DIAMETER 


THICKNESS OF ConDUCTOR InsuLarion, ; Up To 500,000 CIR. MILS 
SIXTy-FOURTHS OF AN INCH 500,000 cIR. MILS AND OVER 
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(c) Immediately following the bending test, the cable, while gj 
= shall be subjected to the test voltage specified in Section i _ 


Report 


20. ‘The report shall include the following: 
(a) The type of test, 

(b) The time and place of test, 

(c) The test voltages, 

(d) The duration of each test, and 


(e) The result of each test, including location of any failure. ia 
emp 


Insulation Resistance Tests 24 
21. (a) The apparatus shall consist of a source of constant potential § (15.6 
: of from 100 to 500 v., a galvanometer with suitable shunts, and a calibrating 9 specifi 
resistance of at least 0.1 megohm. 
(b) The galvanometer should have a high current sensitivity. A sensi- 
tivity of the order of 10° amp. per cm. with scale at a meter distance is Moist 
desirable. ‘The most convenient shunt is the type known as a universal 
shunt whereby the current through the galvanometer may be changed by alter 
powers of ten without changing its damping. appli 
22. (a) Single conductor cables shall be tested between conductors ee 
and sheath or water in which they are immersed. ‘Tests on multiple con- dct 
ductor cables with unshielded conductors shall be made between each rith 
conductor and all other conductors and the sheath or water. ‘Tests on shall 
multiple conductor cables with shielded conductors shall be made between 
each conductor and shield. ‘The conductor of the wire or cable shall be ~— 
connected to the negative terminal, and the sheath and other conductors, 
if any, to the positive terminal of the apparatus. On short sections of 
wire or cable, a guard circuit should be used to prevent end leakage. 
(b) The deflection of the galvanometer caused by passing current whe 
through the calibrating resistance shall first be determined. ‘The wire or 
cable shall then be connected into the circuit. At the end of 1 min. after 
closing the circuit, the galvanometer deflection shall again be noted, and The 
the temperature of the wire or cable observed. pur 


Calculations 


23. Insulation resistance is commonly expressed i in terms of a standard 
_ length. The insulation resistance of a standard length may be determined 
L from the following formula: 
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vere M = the calibrating resistance, 
D = the deflection produced with calibrating resistance in circuit, 
S = the shunt ratio with calibrating resistance in circuit, 


d = the deflection produced with test specimen in circuit, 
the shunt ratio with test specimen in circuit, 


| = the length of entire wire or cable, and ; 
|, = the standard length. 
Temperature Correction 


temperature. If the temperature at which the measurement was made 

ifiers from 60 F. (15.6 C.), the resistance shall be reduced to that at 60 F. 
ential 15.6 C.) by multiplying the measured value by the temperature coefficient 
ating ified for the insulation in question. 


24. The insulation resistance of wires and cables varies widely with ; 


sensi- Moisture Absorption Test 
ice is 


; Moisture Absorption Test Procedure 
rersa 


d by 25. (a) A 15-ft. sample of the insulated wire or cable : shall be taken 


ater vulcanization and prior to the application of any coverings except tape — 
applied before vulcanizing. Such cable tape shall be removed before making 
the moisture absorption test. The middle 10 ft. of the sample shall be 
immersed in distilled water for a period of 14 days with the 2}-ft. portion 
at each end kept above the water as leakage insulation. ‘The specific in- 
ductive capacity of the insulation shall be taken after 1, 7, and 14 days 
with the water at the same temperature for each measurement. The water 
shall be maintained at room temperature but not less than 70 F. (21 C.). 

(b) Calculations.—The specific inductive capacity shall be determined 4 
at commercial frequencies and shall be calculated as follows: 


D 
Specific inductive capacity = 13,600 C logio a 


where ee = the capacity in microfarads of 10 ft. of sample, 
= the diameter over the insulation, and 
re = the diameter over the conductor. 


The moisture absorption test shall be made only when requested by the 
purchaser. 
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TENTATIVE METHODS FOR THE IDENTIFICATION oF 


FIBERS IN TEXTILES AND FOR THE QUANTITATIVE 
ANALYSIS OF TEXTILES! 


A.S.T.M. Designation: D 276-37 T . 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. - 

1935, 1937, 


IssuED, 1927; REVISED, 1929, 1930, 1931, 1933, 


METHODS FOR THE IDENTIFICATION OF FIBERS IN TEXTILES! 


Successful identification of the fibers used in textiles depends upon 
experience and familiarity with the fibers. The ultimate test of the diagnosis 
of an unknown is comparison with a known standard sample. It is not only 
desirable but necessary for the analyst to have authentic samples of the fibers 
likely to occur in the textiles he is called upon to analyze. 

The key used in these methods is not concerned with describing the fiber 
but rather with pointing out for each group of fibers and finally, within the 
group, for each fiber, that particular characteristic or group of characteristics 
by which the fiber differs from similar fibers. Often this is a minor detail of 
structure, or staining reaction. Occasionally, it is somewhat subjective, but 
an effort has been made to choose objective characteristics which will be evident 
to all observers. For the benefit of those unfamiliar with the use of a key it 
should be said that the arrangement is necessarily artificial. Groups are 
established on the basis of similarity and dissimilarity for convenience only, 
and without regard for chemical, biological or industrial relationships. 

The “keying out” of an unknown is simply a matter of elimination. In 
every division and subdivision of the key there are two alternatives both num- 
bered or lettered alike. It is necessary to reject one and to accept the other as 
descriptive of the fiber in question. It is quite possible that neither phrase 
exactly describes the fiber, but it is necessary to make the best choice between 
the two and to follow through the entire key, step by step, in the same manner. 
A decision should never be made as to which group the fiber belongs until both 
descriptions under that designation have been considered. Except where 
definitely stated, descriptions are of ultimate fibers rather than of “technical” 
fibers or fiber aggregates. For adequate study of these a microscope is necessary, 
and for analytical purposes a magnification of 100 diameters is most satisfactory. 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction 
of the A.S.T.M. Committee D-13 on Textile Materials. 
* Attention is called to the Photomicrographs of Common Textile Fibers appearing in Appendis 
I, of the volume, “A.S.T.M. Standards on Textile Materials," p. 221; available as a separate 
publication, September, 1937. 
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The technique of mounting fibers for microscopical examination is relatively 
simple, but experience brings proficiency and speed. To remove dyes, natural 
or applied oils, starch, sizing, and other materials it is advisable to begin by 
heating the fibers in a dilute solution of caustic soda (0.5 per cent). Because 
wool and hair are quickly disintegrated in hot caustic, care shall be taken to 
shorten the cooking in such cases. In examining fabrics this step is often not 
necessary. In vegetable fibers prolonged boiling is beneficial in breaking up 
the fiber bundles and larger aggregates so that the ultimate cells can be 
separated. Since most stains are indicators, it is necessary that all caustic be 
washed from the sample before proceeding further with the tests. Rubbing 
and squeezing between the fingers under running tap water is sufficient. Small 
samples of the fiber shall be placed on a slide and teased apart with needles. 
Too much material on one slide renders adequate separation difficult. It 
cannot be too strongly emphasized that a just and impartial consideration of 
the material must be based on single fibers and their minute configurations 
rather than on a confused mass of fibers. Moreover, several small samples 
taken at random from various regions of the material give more representative 
results than a single sample. Most stains take better if excess moisture has 
been blotted from the fiber with filter paper. ‘To be sure that all fibers are 
stained equally they shall be stirred on the slide with needles. ‘The most 
satisfactory examination of stained fibers is by transmitted light. Constant 
adjustment of the focus discloses the lumen and other structural features 
which may otherwise escape notice; and decreasing the intensity of the light 
by means of diaphragm or condenser adjustment is sometimes a revealing 
manipulation. It is worth while to notice extraneous materials which occur 
with the fiber. The presence or absence of epidermal cells, spirals, hairs, 
unusual configurations in cell groups or fiber bundles is often a clue when other 
features are less distinct than usual. An experienced fiber analyst has always 
in mind certain associations which though of no technical value, are to him, 
personally, dependable means of identification. 


REAGENTS: 


The following reagents will be required: 


Aniline Sulfate 


Hemp stains yellow; linen is unstained. 


Diphenylamine Solution 
Concentrated H:SO,...........- 
Glacial acetic acid 
Diphenylamine 

Hahn's Solution 


> 
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Solution B: 
Soluble Blue 2B Extra (Color index 707)......... 0.2 g. 4 


0.2 ml. (when solution 
has cooled) 


Mix solutions A and B in equal parts for rayon tests. 
Herzberg’s Solution 
Solution A: 
Zinc chloride 


Specific gravity at 28 C. should be 1.8 
Solution B: 


_ Add solution B to solution A, stir; let stand overnight; decant 
from sediment; add a leaf of iodine; keep in dark bottle. 

A good general stain for all fibers. Linen, cotton, hemp, ramie 
are stained red; jute, phormium, sisal and other lignified fibers, 
yellow. De-lignified fibers and cellulose cells are stained blue. 


Herzog’s Cyanin 


Saturated alcoholic solution of Cyanin Blue (Color Index 288) .... 80 ml. 


Apply hot to fibers; mount fibers in concentrated glycerine. 
Flax fibers are unstained; hemp fibers are blue. 


Millon’s Reagent 
Dissolve mercury in an equal weight of cold fuming HNO, (sp. gr. 1.4), then 
apply moderate heat. ee 


Dilute solution with 2 volumes of water. 
Picric Acid 


Brings out surface scales on animal fibers, especially wool and 
mohair. 


ABRIDGED KEY FOR COMMON FIBERS 


The fibers commonly met in textile fabrics are cotton, linen, 
jute, rayon, silk and wool. A few simple tests will identify these, 
but it is advisable to confirm the diagnosis by other tests rather than 
to rely on one identification only. 


Bs 
flan 
( 50 g. 
B. 
ru 
fe 
| 
1 
Distilled water.. 100 ml. 
Sodium hydroxid ¢ ).5 


A. As a preliminary test, burn a few individual fibers by applying a 
flame to their ends. 
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Odor of burned feathers or hair; knob forms on end 

Odor of burned feathers or hair; onl retains shape 

Distinctly aromatic odor, somewhat acrid; knob 

Odor of burned paper or straw; ash shapeless; 

Other Rayons, Cotton, Linen 

or Jute. 


B. Immerse fibers in an aqueous solution of caustic soda (0.5 per cent) 

and bring the solution to a boil. Wash thoroughly by squeezing and 
rubbing between the fingers under running tap water. ‘Tease the 7 
fibers apart on a slide, blot off water with filter paper. Stain with a 
few drops of Herzberg’s solution. Examine under magnification of 
100 diameters. 


1 Fibers yellow, white OF 
; 2. Fibers distinctly pointed at ends, with narrow lumen; 
rs, 2. Fibers of indeterminate length, with cut ends......... 3. 
3. Fibers fine, sometimes flattish, of varying diameters, 
transparent, without cellular structure......... 4. 
4. Fibers with longitudinal striations, and sometimes 
with paired parallel lines in a diagonal direc- 
tion (imprint of one fiber across another)... Wild (Tussah) Silk (see J 
a). 
4. Fibers with fine diameters, without ..- Cultivated Silk (see a). 
3. Fibers larger, rod-shaped, with prominent scales.... Wool (see a and d). 


5. Fibers cylindrical, pointed at ends, with cross 
marks on surface; swollen nodes, and 

5. Fibers lacking above characteristics.......... 6. 

6. Fibers flat, more or less ribbon-like, fre- 
quently twisted, with broad lumen. ... Colton (see e). 


6. Fibers without any lumen, straight........ Rayon 
7. Fibers with distinct longitudinal stria- 

d tions on the surface............... 
7. Fibers without striations............... 
8. Stain with Hahn’s solution. Sie 


en 


Nitrocellulose Rayon 

(see f). 
(see and c) 

7 9. Fibers blue or colorless........... Cuprammonium Rayon — 
(see g). 


| 
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(a) Millon’s reagent colors true silk fibers (or other animal fibers such as wool, 
mohair or fur) pink. Vegetable fibers are not stained. 
(b) Cellulose acetate rayon is dissolved in acetone; other fibers are not affected. 
(¢) Cellulose acetate rayon is dyed yellow in picric acid; other rayons wash out 
white. 
(d) Surface markings, scales, etc., on wool fibers become more pronounced when 
fibers are stained with 1 per cent picric acid containing sodium hydroxide, 
(e) Untwist the thread until a single dry fiber is exposed. Moisten the tip between 
thumb and finger; observe with a hand lens, as follows: 
Fiber tip curls clockwise 
Fiber tip curls counter-clockwise cotton. 
(f) Nitrocellulose rayon dissolves to give a deep blue coloration when tested dry 
with a solution of diphenylamine in sulfuric acid. 
(g) Cuprammonium rayon is dyed deep orange in 0.2 per cent solution of Erie Fast 
Orange C. G. (Color index 621); other rayons are white or weak orange. 


_ ANALYTICAL Key For IDENTIFICATION OF FIBERS 


Touch end of fiber to a flame: © 
4 Fiber does not burn , Mineral Origin I. 

_ Fiber burns with characteristic odor of burning feathers or 
Animal Origin II. 

_ Fiber burns with characteristic odor of burning paper or 
Vegetable Origin IIL. 


I. Fibers of Mineral Origin: 


Asbestos, confirm by microscopical examination. 


II. Fibers of Animal Origin: 


1. Fibers coarse, more or less shiny, wiry; usually found in 

2. 

2. Fibers with diameters tapering from base to tip Bristles 3. 
-_ 3. Bristles dark, with pronounced white band short 


distance back of tip; tips not flagged Badger Bristle. 
3. Bristles same color throughout, with a knob fre- 


quently visible at butt ends where hair was 
pulled from follicle; tips flagged Hog Bristle 4. 


4. Bristles hardly more than 1} in. in length; vari- 
colored; frequently curved; irregular as to 
length and diameter Domestic Hog Bristle. 
4. Bristles longer than 1} in., of rather uniform 
5. 
_ §. Bristles all white, or chalk white Bleached ‘‘(French)" — 
Bristle. 


6. Bristles 4 in. or longer, stiff, coarse, much 
flagged, usually grey or yellow........Russian Bristle. 
6. Bristles all black, 4 in. or shorter 


S. Bristles black, yellow, or grey (black and 


3 
4 
eo 


flagged end clipped off........ ..... Chungking Bristle. 
7. Bristles with flagged ends never clipped .8. 
8. Bristles very fine, soft, usually not 
over 3 in Tientsin Bristle. 
8. Bristle not so fine, longer Hankow Bristle. 
2. Fibers with rather regular diameters throughout; little or 
no taper; tips not flagged; hair follicle knobs seldom 
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7. Bristles black, rather soft, often with 


10. Hairs of average diameter of not less than 0.0055 in. 
(based on microscopical measurement of at — 
10. Hairs of average diameter less than 0.0055 in Horse Mane Hair. al 
9. Hairs usually white, yellow or brown 
11. Hairs smooth, scales scarcely visible 
12. Hairs, smooth, roundish, showing under 
“ magnification of 100, distinct pigmen- 
tation, not isolated in a medulla, but 
scattered in lumpy streaks Horsehair (see 10). 
12. Hairs less smooth, exhibiting less “char- 
acter" than the above; showing under 
magnification of 100, distinct medulla 
_ with pigment closely packed in flat, 
} accordion-like masses Cattle Hair. 
11. Hairs coarse with prominent, surface scales, wide 
medulla filled with pigment but not packed 
in any characteristic arrangement 
|. Fibers fine, soft, more or less silky; from soft brushes, or 
from felts and fabrics 
13. Fibers fur-like 
1 Fibers showing pigmentation in wide 
medulla with regularly spaced blocks 
of pigment (100) 
15. Hairs rather short, with pigment blocks 
15. Hairs abnormally long, showing more 
than 2 rows of pigment blucks.... Angora Rabbit. 


14. Fibers showing pigment tightly packed in 
wide medulla, in irregularly checked 
Squirrel. 


13. Fibers filamentous 16. 
16. Fibers rod-shaped with medullary ca- 
nals, and scaly surfaces (100)...17 
17. Fibers tan, brown or black 

18. Fibers with distinctly granular 
pigmentation and _ indis- 
tinct hollow medulla 

18. Fibers with no distinct medulla 
except in kemps where 
medulla is large and heav- 
ily pigmented 
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17. Fibers usually white 
19. Fibers with fine scales closely appressed to 
fiber surface; diameter usually small. . Mohair. 
19. Fibers of various diameters, scales coarser, 
more loosely arranged 
16. Fibers flat, smooth, transparent, void of cellular 
20. Fibers broad, varying in diameter, 
marked with longitudinal stria- 
tions, and frequently with parallel — 
diagonal lines where one fiber 
crossed over another has left an 
impression 
. Fibers single, narrow, without stria- 
Cultivated Silk. 


Wild (Tussah) Silk. 


III. Fibers of Vegetable Origin: 
For convenience these are grouped according to their uses as. 


A. Brush Fibers, B. Cordage Fibers, and C. 


Vegetable 
Fibers from Fabrics. 


A. Brush Fibers? 
. Fibers hair-like, or rope-like, white, yellow (or dyed) Tampico! 
. Fibers more woody than hair-like.................-000- 2. 
2. Fibers dark brown or black..........cccccsccccccccceds 
3. Fibers thick, more or less circular, corky in texture. . Rattan. 
3. Fibers not corky, but woody.................e08% 4, 
4. Fibers thin, wiry, circular 


4. Fibers thicker, flatter, more woody, brittle 
2. Fibers reddish, wiry 


Bassine. 
Bass. 
Palmetto. 


B. Cordage I’ibers 
Apply Swett’s test as follows: 

Wash sample in alcohol to remove grease. 
chlorine solution for 30 sec. 
to remove water. 
Fumes produce: 


= 


Immerse i in nascent 
Wash in tap water; rinse in alcohol 
Hold over concentrated ammonium hydroxide. 


F Cherry red color 


Sisal and other rope fibers. 
Brown color 


Manila fibers. 


1. Fibers brown or yellow Abaca (Manila).‘ 


1 Scales may be brought out distinctly by staining with picric acid. 


2 The term “fiber” is here used in its technical sense, meaning not the ultimate fiber cell, but 
cather a bundle or an aggregate of fibers. 


* Sisal, palma, istle, henequen and other agaves. 
_ €Confirm by microscopical examination for broad lumen. 


| 


A.S.T.M. DEsIGNATION: D 276 - 37 T 


2. Treat fibers in boiling dilute caustic, wash, separate 
into ultimate cells; stain with Herzberg’s solution, 
examine under magnification of 100. ; 
3. Fibers more or less rounded at ends, diameters 
_ regular, fiber surface strikingly smooth, canal 
not visible; fiber bundles usually accompanied 


3. Fibers distinctly pointed at ends, with irregular __ ntieeall 
diameters, thick cell wall, and distinct narrow 
4. 
4. Fiber bundles accompanied by spirals and epi- 


.-Agave (Sisal, Hene- 


guen, etc.). 
4. Fiber bundles free from spirals. 


Characteristic surface markings on fiber 
ae thers ribbon-like, flat, twisted, with broad 
Cotton. 
5. Fibers not twisted; lumen narrow; bumps, 
= swellings, cross striations on fiber surface. 
Red fibers frequently accompanied by 
yellow epidermal cells (shive)............ 6. 
6. Stain with Herzog’s cyanin (or with Aniline 
sulfate). Fibers stained............. 
7. Stain with Herzberg’s solution: Yellow 
epidermal cells with prominent hook 
hairs near stomatal openings Sunn Hemp. 
7. Yellow epidermal cells devoid of hairs... True Hemp. 
6. Stained with MHerzog's cyanin. Fibers 


C. Vegetable Fibers from Fabrics 


ss (Or used in Battings, Cushion Filling, etc.). 
|. Fibers silky in appearance, with shiny surface........... 2. 
2. Fibers short, very fine, downy; examined under micro- 
scope showing broad lumen, air filled; very thin 
cell wall 
2. Fibers of indeterminate length; threadlike............ a 
3. Dip for 3 minutes in Hahn's stain, wash in cold water. 
4. 


4. Fibers deep pink Nitrocellulose Rayon.' 
4. Fibers pale pink Viscose Rayon.* 

5. Fibers yellow 


Acetate Rayon.’ 
5. Fibers blue 


Cuprammonium Rayon. 
‘Confirm by test with diphenylamine—sulfuric acid for blue color. 


* Confirm by microscopical examination for striated surfaces. 
*Confirm by dissolving in acetone. 
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6. Stain with Herzberg’s solution, examine micro- 

scopically. Fibers yellow 

G. Pibare red or purple. 7. 

7. Fibers with narrow lumen, swollen nodes, 
distinct cross markings............... 8. 

8. Moisten tip of single fiber between thumb 

and finger: 
Fiber curls clockwise 


ibers with broad 9. 
9. Fibers broad, flat, with unusually wide 
diameter; joints and transverse 
fissures prominent 
9. Fibers not broad and flat; diameters 
more or less uniform Cotton 10. — 
10. Fibers ribbon-like, twisted Raw Cotton. 
10. Fibers swollen, round, with par- 
tially destroyed lumen Mercerized Cotton. 


_ METHODS FOR THE QUANTITATIVE ANALYSIS OF TEXTILES 
Scope 


1. These methods provide for the quantitative determination of 
the water, total non-fibrous materials, cellulose acetate rayon, silk, 


regenerated cellulose rayon, cotton, and wool present in textiles 
composed of two or more of these materials. Any section of the 
methods which is not applicable in a particular analysis may be 
omitted. It is assumed that the analyst knows from qualitative 
tests what materials are present. All results shall be based upon the 
weight of the dried material. 


Water or Regain 


2. (a) Unless otherwise specified, samples to be analyzed for 
water shall be conditioned by exposure to an atmosphere having a 
relative humidity of 63 to 67 per cent and a temperature of 70 to 
80 F. (approximately 21 to 26 C.) until equilibrium is established. 
The material shall be considered to be in equilibrium when it shows 
no progressive change in weight. 

(6) The special equipment for drying specimens to constant 
weight which is generally available in textile laboratories may be 
used. The procedure outlined in Paragraphs (c) to (f) is provided 
for laboratories not so equipped and shall be used in the settlement of 
disputes unless some other method is agreed upon by those concerned. 

(c) A glass weighing bottle of approximately 100-ml. capacity 
fitted with a ground-glass cover shall be dried at 220 to 230 F. (105 
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to 110 C.) to constant weight. A satisfactory procedure is to place 
the bottle and cover separately in the oven. After drying for 1 hr. 
they shall be transferred to a desiccator and allowed to cool to room 
temperature. The cover shail then be placed on the bottle which 
shall then be weighed. The heating, cooling and weighing shall be 
repeated until the weight is constant to within + 0.003 g. This is 
the “weight of weighing bottle.” The weighing bottle shall be kept 
in a desiccator when not in use. 

(d) A specimen of approximately 5 g. of the material to be tested 
shall be placed in the weighing bottle which shall then be covered 
and weighed. By subtracting the “weight of weighing — 
(Paragraph (c)) from this weight, the weight of specimen, A, 
obtained. 

(e) The specimen shall be removed from the weighing bottle, 
placed on a watch glass in the oven (temperature 220 to 230 F. (105 
to 110 C.) as before), and dried for 1.5 hr., then quickly transferred 
to the weighing bottle, which shall be placed uncovered in a desic- 
cator. When the specimen and bottle have cooled to room tem- 
perature, the cover shall be replaced on the bottle which shall then 
be weighed. ‘The specimen shall be returned to the oven and the 
drying, cooling and weighing shall be repeated until the weight is 
constant to within +0.003 g. By subtracting the ‘‘ weight of weigh- 
ing bottle” (Paragraph (c)) from this weight, the weight of dry 
specimen, B, is obtained. 

(f) Calculation—The amount of water present is usually ex- 
pressed either as moisture content, percentage of the original weight of 
the specimen, Eq. 1, or as a moisture regain, percentage of the weight 
of the dry specimen, Eq. 2. When analysis is made on the dry basis, 
as in this procedure, the amount of water shall be reported as moisture 
regain as calculated from Eq. 2 


Moisture content, per cent = 


A- 
Moisture regain, per cent = B 


where A = the original weight of specimen, and 
B = the weight of dry specimen. 


Total Sizing, Finishing and Other 
Non-Fibrous Materials 


3. (a) The purpose of this procedure is to remove all non-fibrous 


natural constituents of the fiber and substances added by the manu- 
facturer. Starch, China clay, soaps, some waxes, some non-drying 
oils and the usual natural constituents are in this category and are 
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removed by the procedure given. However, general directions fo; 
the removal of all possible substances which may be present cannot 
be given. ‘The delustered rayons and some of the newer finishes 
present special problems. The analyst will have to meet special 
cases as they arise. When it is necessary to modify the procedure jp 
order to completely remove non-fibrous constituents, the analyst 
shall make sure that purified samples of the fibers under consideration 
do not lose weight when subjected to the same treatment. Ordinarily, 
samples shall be analyzed in accordance with Paragraphs (0) to (d). 

(b) A specimen of approximately 5 g. shall be taken for test. 
Particular care shall be taken to prevent the loss of fibers in the 
treatments. ‘The specimen shall be dried at 220 to 230 F. (105 to 
110 C.) to constant weight (Section 2 (e)). This gives the weight 
of dry specimen, B. 

(c) The specimen shall then be extracted for 2 hr. with carbon 
tetrachloride in a Soxhlet or similar extractor. The specimen shall 
be allowed to dry in the air. It shall then be washed by repeated 
immersion in hot distilled water, squeezing between each immersion. 

(d) The specimen shall then be immersed in a 3 to 5 per cent 
aqueous solution of a starch and protein-solubilizing enzyme prepara- 
tion at 122 F. (50 C.). It shall be squeezed while immersed, removed 
and squeezed again, and this procedure repeated at least three times. 
The purpose is to insure thorough wetting of the fibers by the enzyme 
solution. ‘The enzyme solution shall then be maintained at 122 to 
140 F. (50 to 60 C.), or the optimum temperature range for the 
particular enzyme used, and the specimen kept immersed in it for 1 hr. 
A shorter time is permissible if sizing is removed in the shorter time. 
Fifteen minutes is sufficient for some textiles. The specimen shall 
then be rinsed twelve times in fresh portions of hot distilled water, 
squeezing after each rinse. ‘Thorough rinsing is necessary in order to 
remove china clay from heavily filled fabrics. The enzyme treatment 
and rinsing may be carried out in a Launder-Ometer or similar device 
if desired. The rinsed specimen shall then be dried at 220 to 230 F. 
(105 to 110 C.) to constant weight. This gives the weight of dry 
fiber, weight C. 

(e) Calcvlation—The total amount of non-fibrous constituents 
present shall be calculated from the following formula: 

Total sizing, finishing and other non- B-—C 

fibrous materials (dry basis), per cent ~ 3 ~ 100 
where B = the weight of dry specimen (Paragraph (b)); and 
C = the weight of dry fiber (Paragraph (d)). a 
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Cellulose Acetate Rayon 
(Acetone Soluble Types Only) 


4. (a2) The specimen after being tested in accordance with 
Section 3 shall be agitated vigorously for 15 minutes in about 50 
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times its weight of acetone at room temperature.' The residue shall — 


be rinsed while squeezing by alternate immersion in acetone, two 


fresh portions of acetone being used. The residue shall be allowed — 
to dry and them immersed in water at a temperature of about 158 F. 


(70 C.). The excess water shall be removed by squeezing and the 
residue dried to constant weight as described in Section 2 (e). This 
weight is called D. 

(b) Calculation.—The cellulose acetate rayon content shall be 
calculated from the following formula: 


Cellulose acetate rayon (dry basis), per cent = B X 100° 


where B = the weight of dry specimen (Section 3 (6)); 
C = the weight of dry fiber (Section 3 (d)); and 
h. = the weight of dry specimen after removal of cellulose 
acetate rayon. 
Silk 
5. (a) The fibers constituting the residue from the test for 


cellulose-acetate rayon (Section 4) shall be cut to lengths of about : 


2to4mm. They shall be agitated vigorously for 1 hr. in 200 ml. of a - 


clear aqueous solution of calcium thiocyanate of specific gravity 1.20 | Pa 


to 1.21 at a temperature of 158 F. (70 C.) made just acid to litmus 
with acetic acid, and maintained at a temperature of 158 + 4 F. 
(70 + 2.2 C.). Precautions shall be taken to prevent evaporation 
from the solution with consequent concentration of the thiocyanate. 


The fibers which are not dissolved shall be collected in a small Biichner | 


funnel, Gooch crucible, or bitumen filter, preferably with the aid of 
suction. When a good pad of fibers has formed on the filter, the hot 


- 


mother liquor shall be poured through a second time to recover all — 7 
fibers on the pad. ‘The fibers shall then be agitated for 5 min. in a — 


be repeated and the fibers washed with hot distilled water until free 


from thiocyanate. ‘They shall be dried to constant weight, weight E. 
(b) Calculation.—The silk content shall be calculated from the 
following formula: 


D-E 
Silk (dry basis), per cent = — X 100 


where B = the weight of dry specimen (Section 3 (0)); 
D = the weight of dry specimen (Section 4 (a)); and 
E = the weight of dry specimen after removal of silk, 
1A Launder-Ometer can be used to obtain satisfactory agitation, 
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Regenerated Cellulose Rayon 


Woo! 
6. (a) The fibrous residue from the test for silk (Section 5) shal] 
be pulled apart or cut up. It shall be treated in accordance with the follo 
procedure in Section 5 except that the acid solution of calcium thio- 
cyanate shall be of specific gravity 1.35 to 1.36 at a temperature of | 
158 F. (70 C.). The weight of the dried residue from this treatment 
is weight F. whe 
(b) Calculation.—The regenerated cellulose rayon content shall 
be calculated from the following formula: Wor 
Regenerated cellulose rayon (dry basis), per cent = ond 4 X 100 - 3 
(Se 
_ where B = the weight of dry specimen (Section 3 (6)); 200 
E = the weight of dry specimen after removal of silk (Section pre 
5 (a)) It 
F = the weight of the dried residue. bo 
Cotton (A 
7. (a) The residue from the test for regenerated cellulose rayon filt 
(Section 6), which contains cotton and wool, shall be immersed for cr 
10 minutes in a boiling solution of aluminum chloride containing cr" 
5 g. of AICI; (or 9 g. of the hydrated salt AICI;-6H,O) per 100 ml. of 
of water. It shall be removed from the solution and after allowing ce 
the excess liquid to drain off (the specimen shall not be squeezed), th 
it shall be heated in an oven at 221 to 230 F. (105 to 110 C.) until the in 
cotton has become brown in color and brittle (usually 2 hr. is sufficient). a 


The specimen shall be placed on a 100-mesh screen and rubbed against 
the screen with sufficient pressure to powder the carbonized cellulose 
and pass it through. ‘The residual fibers (wool) shall be placed in a 
suitable container, preferably a 250-ml. beaker. The material which 
passed through the screen shall be screened again to recover any wool 
fibers which passed through. ‘The wool shall be agitated with about 
100 ml. of dilute hydrochloric acid solution (1 part by volume of the 
concentrated laboratory reagent diluted with 9 parts of distilled water), 
collected as a pad (see Section 5 (a)), washed with distilled water until 
free from chlorides, and dried at 221 to 230 F. (105 to 110 C.) to 
constant weight, weight G. 


(b) Calculation—The cotton content shall be calculated from 
following formula: 


Cotton (dry basis), per cent = ma xX 100° 


where . = the weight of dry specimen (Section 3 (6)); 
a = the weight of dried residue (Section 6 (a)); and 
G = the weight of dry specimen after removal of cotton. 


a 
d 
| | 
| 

aie 
a 4 
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Wool 
8. The wool content of the specimen shall be calculated from the 
following formula: 
Wool (dry basis), per cent = X 100 
where B = the weight of dry specimen (Section 3 (b)); and 
G = the weight of dry specimen after removal of cotton. 


Wool, Sulfuric Acid Method! 

9. (a) The residue from the test for regenerated cellulose rayon 
Section 6), which contains cotton and wool, shall be immersed in 
200 ml. of a boiling sulfuric acid solution (which has been carefully 
prepared to contain 1 per cent of H,SO, by weight) for 7 to 10 min. 
It shall then be transferred to a crucible having a medium fritted glass 
bottom and the excess acid solution shall be removed by suction. 
(A Gooch crucible, without asbestos, may be used to advantage for the 
filtrations if the liquors passing through at first are returned to the 
crucible so that all fibers are collected in the pad which forms in the 
crucible.) The specimen shall be immersed in 200 ml. of a solution 
of sulfuric acid (which has been carefully prepared to contain 70 per 
cent of H.SO, by weight) at a temperature of 38 C. and worked in 
this solution for 15 min. ‘The undissolved fibers shall be collected 
in the crucible and thoroughly washed with cold water, immersed in 
a solution of sodium bicarbonate (2 per cent) at room temperature for 
5 min. to neutralize any acid, collected again in the crucible, washed, 
and dried at 105 to 110 C. to constant weight. ‘The weight of the 
dried residue from this treatment is weight //. 

(b) If it is not necessary to subject the specimen to the procedures 
given in Sections 3 to 6, inclusive, the specimen shall be prepared and 
treated in accordance with Paragraph (a) with the following excep- 
tions: Tightly woven, knit, or felt material shall be cut into strips 
$to jin. in width. Highly twisted yarns shall be partially untwisted. 
A specimen weighing approximately 2 g. shall be taken for the test. 
It shall be dried to constant weight at 105 to 110 C. in accordance 
with Section 3 (b). The weight of the dried specimen is weight B. 

(c) The wool content of the specimen shall be calculated from the | 
following formula: 


Wool (dry basis), per cent = a x 100 


where : = the weight of the dry specimen (Section 3 (b)), and 
= the weight of the dry specimen after removal of cotton. 


1 This method conforms in substance with the method developed by the American Association of 
T Chemists and Colorists. 


76 


he > 
0- 
of 
it 
I] 
= 
| 
| 
| 


1188 MetHops oF IDENTIFICATION AND ANALYSIS OF TEXTILES 


Cotton 

10. The cotton content of the specimen shall be calculated from 
either Eq. (1), if the specimen has been treated in accordance with 
Sections 3 to 6 inclusive, or Eq. (2), if the specimen has been analyzed 
only for wool and cotton, as follows: 


Cotton (dry basis), per cent = 


Cotton (dry basis), per cent = - Ae 


where B = the weight of the dry specimen (Section 3 (b)), 
I’ = the weight of the dry residue (Section 6 (a)), and 
H = the weight of the dry specimen after removal of cotton. 


x 100. 
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‘TENTATIVE GENERAL METHODS OF TEST 
FOR 


PROPERTIES OF COTTON FIBERS! 


A.S.T.M. Designation: D 414-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1935; REVISED, 1937. 
Scope 
1. These methods cover the test procedures for the determination of 
length, a distribution, fineness, immaturity count, and strength of 


Atmospheric Condition 


2. When it is specified that the operations shall be carried out in a 
“standard atmosphere,” an atmosphere having 65 per cent + 3 per cent 
relative humidity at 70 F. = 5 F. (21 C. = 2.5 C.) shall be considered 


satisfactory. | 
LENGTH AND LENGTH DISTRIBUTION . OO 


Preparation of Sample 


3. (a) For making each cotton fiber length array, a composite sample 
shall be prepared by taking 32 small tufts or pinches from the sample of 
ginned lint (usually 0.5 to 3.0 Ib.) (Note), 16 tufts well distributed from 
each of the two sides. 


Note.—The method of selecting these samples from the gin box, from the various 
types of bales, or from mill products will depend on the purpose of the study and the 
quantity of the supply of cotton. 

(6) The two series of tufts shall be arranged in corresponding rows. 
Each pair of tufts shall be combined, drawn, lapped in the fingers, and 
divided by splitting gently into two approximately equal parts, one of 
which shall be discarded. ‘The resulting tufts shall be arranged in two 
series in corresponding rows. 

(c) The process described in Paragraph (0) shall be repeated with each 
successive series containing the 8, 4 and 2 tufts. The two resulting tufts 
shall be combined, drawn and lapped in the fingers to form a composite tuft. 

(d) The resulting composite tuft shall be gently cleaned of trash, 


‘Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
AS.T.M. Committee D-13 on Textile Materials. 
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neps, leaf, etc., and the fibers paralleled and straightened by drawing and 
lapping in the fingers. Care shall be taken to retain all the fibers except 
those of neps and tangled masses. In case neps and tangled masses consti- 
tute an appreciable proportion of the tuft the percentage by weight shalj 
be determined and recorded. 

(e) The sample for sorting shall be obtained by separating from one 


side of this composite tuft a portion sufficient to weigh approximately 
75 mg. 


Atmospheric Condition 


4. The processes of sorting, measuring and weighing shall be performed 
in a standard atmosphere (Section 2). (Fibers sorted at relative humidities 
over or under 65 per cent will measure longer or shorter, respectively, than 
those sorted at 65 per cent relative humidity.) 


Sorting, First Transfer 


5. (a) The 75-mg. sample shall be carefully inserted into one field of 
combs (Note) so that it extends across the field at approximately right 
angles, and occupies a width slightly less than that of the fiber forceps. 


Note.—The method here described is especially adapted to the Suter-Webb duplex 
cotton fiber sorter but with more or less obvious alteration in procedure may be carried 
out with two Baer sorters in tandem arrangement or with a Johannsen or other similar 
sorter provided with two banks of combs. 


(b) With forceps especially constructed for this purpose, a small por- 
tion of the fibers protruding through the teeth of the comb nearest the 
operator shall be gripped by their free ends, gently and smoothly drawn 
out of the bundle, and transferred to the tips of the needles in the second 
field of combs, the fibers being laid straight and parallel and approximately 
at right angles to the face of the first comb nearest the operator, their 
gripped ends being released as near this comb as possible. ‘This deposit 
of fibers shall be carefully pressed down into the needles of the combs with 
a special presser devised for the purpose. 

(c) The process described in Paragraph () shall be continued until all 
the fibers are transferred, the lower combs of the first field being dropped 
as the work progresses. Top combs shall be inserted whenever necessary 
to prevent slippage of fibers not gripped by the forceps. Care shall be 
exercised not to bind the fibers by the use of too many top combs, nor to 
press the fibers too tightly into the lower field, for each will result in the 
breakage of fibers during the transfers. 


Sorting, Second Transfer 


6. The carriage of the machine shall be revolved through an angle of 
180 deg. and a second transfer made as described in Section 5, “a that 
greater care shall be used in aligning the ends of the fibers. _ 
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Arraying the Fibers 

7. (a) The carriage of the machine shall again be revolved through an 
angle of 180 deg. and successive small ‘“‘bites’” or pulls taken from the 
extended tips of the fibers and placed individually in successive order and 
at short intervals of separation on black velvet-covered boards, the opera- 
tion being continued until all the fibers in the bundle are so transferred. 
All pulls shall be laid on the boards as straight as possible, with the ends 
clearly defined to permit of easy measurement. (Careless transfers and 
excessive slippage of fibers from the bundle will result in pulls with ragged 
and uneven ends which are very difficult to measure.) 

(b) The number of individual pulls laid on the velvet boards in a 
complete fiber length array shall be not less than 50 nor more than 100 for 
short staple cotton (less than 1}-in. staple) and not less than 80 nor more 
than 125 for long staple cotton (14-in. and longer staple). 


Measuring 

8. Beginning at the long end of the array, the lengths of the successive 
pulls on the velvet boards shall be measured to the nearest $ in. The 
measurement shall be recorded and the pulls classified by their mid-point 
lengths expressed in sixteenths of an inch. For example, }% in. would be 
the length recorded for all pulls falling within the class interval of }% to 
t+ in., while 3s in. would be the length of all fibers shorter than § in. 
Grouping and Weighing 

9. The pulls on the velvet boards shall be grouped according to their 
mid-point length, as established during measuring (see Fig. 1), and weighed 


to the nearest 0.05 mg. on a torsion or chemical balance graduated to 
0.05 mg., and the weight of each group shall be recorded. > 


Calculations 

10. (a) The weights for each length group from two or more arrays 
shall be added for each group. (See Fig. 2.). From these data, calculations 
shall be made for the percentage by weight of the fibers in each §-in. length 
interval, and for the cumulative weight percentage beginning with the 
longest fibers. 

(b) The central tendency of the fiber distribution shall be expressed 
in terms of the upper quartile length (length at the 25 per cent point on the 
cumulative weight percentage-length curve beginning with the longest 
fibers), and may also be expressed in terms of modal, mean, median, or 
percentile length. 

(c) From the basic data, also shall be calculated the statistical measures 
known as the mean (weight frequency) length and standard deviation; 
from these determinations, the coefficient of fiber length variation (the 
standard deviation expressed as a percentage of the mean) is calculated to 
indicate the degree of variability of fiber lengths or the concentration of 
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Form Noe 27 


Problem Mo. 
Correspondence 


Project Boo _ 24 COTTON DISTRIBUTION AMD 
roject 


CALCULATZD STATISTICS 


Sarple Ho. 232904 
Bale No. 


Spinning. Ginaing Type No. 
Mo. of | Weight No. Arrays Av'd 
if} Botton Second 
Pulls Tact aa (mes) | Percent >oint Position of Clascers! Length in Array 
a - Length at Percentile from Longest Fibers: 
39 ( 16 _ 
¢ / = i 
53 (Ss7 xife ~ ody 
= — 50% ( 16 
27 
3 25 ost 1% 
soz, 
50% ( 
6 
ll Leneth = S2 - 1 
¥ 7 (3.D.)? = 23, : 
5 S. D. (Standard Deviation) = ins 
3 3 2.75" 
1 Coef. of Var. = S.D. x100 = 
Mean Length 
1975 62 


Fic. 1.—Facsimile of Record Form with Data and Calculations for a Single Cotton 
Fiber Length Array. 


COTTON FIB=R DISTRIBITIOY AMD Key Foo 
Projectetoe. 22 CALCULATZD STATISTICS Sarple ilo. 
Problem Yo. = Bole Yo. 
Correspondence an: S932 Spraning Granny Type Moe XL 
No. of Feight | Weight Classergs' Length No. Arroys Av'd_ 
Om ; Secon 
ome Inches (mes) | Percent Point | Position of Clascers! Length in Arrey_72-72 
Length at Percentile from Longest Fiters: 
104 ( = 4-250 
7 - _-°77 4327428 
1 
} ( 46 [15 = 4-000 
27 
25 Lu 1% ( = 
2 70 4-97 | 64 | (vbo/séz xife ~ 
al 23,52 44.04 46.90 23.47} ( 250 
19 59 46.20 JI2-.00 90% x 405" IST ins 
17 ¥O.aL 19.84 20 
15 29.23] 439.67 65-53 47384 _ 
13 48.04 277 -7. 
72.01 7? 327-37 \Mean Length = 52 = 1 2.931 ins 
7 9.32 99.07 Sos | (s.D.)° = 2s; 55 = 
5 D. (Standard Deviation) _ ins 
= _8.D. - 37.47 
1 3.23 400. 00 | Of Vare = 
Reciprocal: 004769296 337 Means Weighed vy Checked tyGushy 


Fic. 2,—Facsimile of Record Form with Combined Data and Calculations for the Average 


of Three Single Cotton Fiber Length Arrays. 
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their frequencies. The larger the figure for the coefficient of variation, 
calculated, the greater the variability of the fiber lengths in the sample. 


FINENESS 
Sampling 
11. (a) The fibers for test shall he taken from not less than two length 
arrays prepared by the method described in Sections 3 to 9. The two or 
more assembled groups of corresponding length identifications shall be 
sently and thoroughly mixed and parallelized by successively pulling and 
apping them between the fingers, the pulls in the final process being super- 


MEAN WEIGHT INCH AND VARIABILITY 
Problem No. Problem Title Se. Gunning 
Weight No. of 


of erray fibers 
1008 


Yorm So. 18 
Project 22 


Sample Ho. 29257 


Deviation 
from 

mean 


Wt,/in. 
mgs. 
(2) 


Weight of 100 
fibers extracted, mgs. 


b 


Relative 
Length 
(ty) 


(Lua?) 


groups, 
lave mgs. 


5/ 


220 


337 


4609 


$733 


44 bh 


Classers* Length 
Length at 25% point 
Aseumed mean 


J/.00 


uy 
AMZ 


Variance 


Correction (C) 


OOF 


9.00 


Lol 


Standard Deviation 
Coefficient of variation 


- 00027 


F.3F 


Weighed 
by 


date 


date 


Calculated 


ty 


date Y 


Calcs. Checked 


tw Coral 


date 


Fic. 3.—Facsimile of Record Form with Data and Calculations for Determination of 
Cotton Fiber Fineness. 


imposed in the hand with one end of the fibers at right angles to a common 
base line. 

(b) One or more small tufts shall then be removed from the free end 
of the bundle and discarded. One or more thin fringes of fibers shall be 
withdrawn gently from the remaining portion of the bundle and laid in this 
condition on a board covered with black velvet. 

__ (¢) Two sets of 100 fibers each shall be counted out, starting at one 
side of the bundle and taking successive fibers. 

(d) The operations described in Paragraphs (a), (b) and (c) shall be 
tepeated for each identified length group throughout the array, with the 
exception of the 7; and ;;-in. groups, and as many of those beginning at 
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the long end of the array as may be too small to yield two sets of 100 fibers 
each. 
Atmospheric Condition 


12. All weighings shall be made in a standard atmosphere (Section 2) 
- and not until after the samples have been conditioned for at least 2 hr. ip 
such an atmosphere. 


Weighing 
13. Each group of 100 fibers shall be weighed to the nearest 0.01 mg 


on a torsion or chemical balance graduated to 0.005 mg. (See Fig. 3.) soup 
Calculations 

14. (a) The average weight of the two corresponding groups of 100 oe 
fibers of each length identification shall be calculated and the mean fiber bate 
weight per inch determined. ima 


(b) The fineness of a sample shall be the mean fiber weight per inch 
for the entire sample and shall be determined by mathematically weighting 
. the weight per inch value for each length group on a basis of its contribu- 
tion of fiber length to the total fiber length of the combined length arrays, 
and calculating the weighted mean. 
(c) The coefficient of variation (standard deviation expressed as a 
- Bova of the mean) of fiber weight per inch in the different length 


groups shall be determined, using the same frequency basis as for the mean 
fiber weight per inch for the sample, asin Paragraph (b). 


IMMATURITY COUNT 
Sampling 
15. The test shall be made on the two sets of 100 fibers each, counted 
4 out for each length group as described in Section 11. 


q Mounting 
16. (a) The fibers shall be straightened, and placed approximately 
parallel on a glass slide, covered with a cover slip and flooded with 18 per 
cent caustic soda. 
(6) The mount shall be placed on the mechanical stage of the micro- 
' ! scope which shall be equipped with a filar micrometer eyepiece. 


Examination 
17. The fibers shall be examined near their mid-portion at a mag- 


nu 

nification of approximately 400 diameters. fre 

_ Counting and Classifying se 
18. (a) As successive fibers come into view they shall be counted, and 

the number of thin-walled or immature fibers in each set determined. Pe 

(See Fig. 4.) a 

in 


(b) For the purpose of this test, thin-walled or immature fibers shall 
be those that upon treatment with NaOH solution (18 per cent) show 4 
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the up Aan All other fibers shall be classed as mature or thick- ted 
sbers. Doubtful classification shall be decided with the aid of the filar 
micrometer. (Figure 5 shows photomicrographs of thin-walled or imma- 
ture fibers as compared with thick-walled fibers. ‘The appearance of these 
fibers before and after treatment is shown for purposes of reference.) —_ 
Calculations 

19. (2) The number of thin-walled or immature fibers of the two 
sroups of 100 fibers each shall be averaged for each length group. 


fora no. 37 FIBER IMMATURITY COUNT -- MEAN PERCENT AND VARIABILITY 
Project__ 22 Probles__% Problem title : Gin Sample no. 
Letter identification 


Imaturity counts|Length i | Mean (3) 
1/16 in. - | maturity 
(t) (f) (f/4npq) | Asoumed 
P 

41 Corrections_2-22 


39 fb. 39 34.36 
37 


Stand. 
Stand. dev. (mean) ——22 
Coef. of variation 


Classer's length 


Upper quartile length 


Fibers observed by CWC. 


Date 1-70-34 


Calculated by 
Date 
Checked by 7 


Date 


Totals 72 94 


Fic. 4—Facsimile of Record Form with Data and Calculations for Determination of the 
Immaturity Count. 

(b) A weighted mean of these values, based on the relative number of 
fibers in each length group of the combined length arrays, shall be cal- 
culated for the sample, and shall be the immaturity count. The relative 
number of fibers in each length group of the length array shall be calculated 
from the combined weight of the length group and the weight per fiber (see 
Sections 9 and 13). 

(c) The coefficient of variation (standard deviation expressed as a 
Percentage -f the mean) of fiber immaturity count in the different length 
groups shall be determined, using the same frequency basis as for the mean 
immaturity count of the sample as in Paragraph (0d). | 
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TREN 


20. Sampling, combing, wrapping and breaking shall be performed in, | 


it 


Courtesy of U.S. Department of Agriculture 


_ Fic. 5.—Coarse and Fine Fibers of Different Degrees of Maturity Before and After Treat- 
ment with Caustic Soda Solution ( 170). 


Specimen a represents a thick-walled fiber while b and c represent thin-walled fibers from a coarse American 
upland cotton, staple length ? in.; g, h, and i are the same fibers respectively as a, b, and ¢ after treatment with 
18 per cent caustic soda solution. , 

Specimen d represents a thick-walled fiber while e and f represent thin-walled fibers from a fine American 
upland cotton, staple length 12 in.; j, k, and J are the same fibers respectively as d, e, and after treatment 
with 18 per cent caustic soda solution. 


standard atmosphere (Section 2) and not until after the samples have been 
conditioned for at least 2 hr. in such an atmosphere. 
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Sampling 

21. (2) A small handful of cotton shall be removed carefully from th 
original sample (see Note, Section 3 (a)), divided into two approximately 
equal portions by pulling apart in the hands, and the portions superimposed 
with their broken surfaces coinciding. 

(}) From the broken surface of the sample, three to four pulls shall 
be drawn out with the hand and combined. (See Fig. 6 (a).) 

(c) The operations described under Paragraphs (a) and (0) shall be 
repeated for each of the ten bundles required for the complete test. 


Courtesy of U.S. Department of Agriculture 
Fic. 6.—Stages in the Preparation of the Chandler Bundles. 


Combing 


22. (a) Two stationary combs shall be used, a coarse comb about 
2.5 in. in width with needles 0.025 in. in diameter at the base, 0.5 in. in 
length, and 16 needles to the inch, and a fine comb 2.0 in. in width with 
needles 0.015 in. in diameter at the base, 0.5 in. in length and, 48 needles 
to the inch. 

(b) The fibers shall be carefully straightened and paralleled by gripping 
the tuft of fibers (see Fig. 6 (a)) near its center with the thumb and fore- 
finger and combing thoroughly. The outer edge of the tuft shall be drawn 
through the coarse comb and the action gradually advanced toward the 
center of the tuft, using fifteen strokes through the comb. The tuft then 
shall be reversed, the combed end grasped about 3 in. inside of the combed 
position, and the other end combed fifteen times, the combings being 
discarded. 


(c) The roughly prepared bundle shall be more completely combed 
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by drawing each end through the fine comb 20 times, after which the bundle 
shall be adjusted in size by separating as many fibers from the side as may 
be necessary to give a wrapped bundle with a corrected circumference within 
the range 0.115 to 0.135 in. (The correct range of circumference may easily 
be attained with the aid of a torsion balance of a 50-mg. capacity.) 


(d) The bundle then shall be finished on the fine comb by stroking 
each end fifteen times. 


Courtesy of U.S. Department of Agriculture 
_ «FG, 7.—Wrapping Device with Bundle in Jaws and Weights Suspended. 
Wrapping 


23. (a) Each bundle shall be wrapped by means of a special wrapping 
device and process. (See Fig. 7). 

(6) The bundle shall be inserted in a special clamp (see Fig. 6 (c), (d), 
and (e)), and the fibers straightened by gently pulling on each end of the 
bundle. 

(c)' The two ends of about 20 in. of No. 20 sewing thread shall be tied 
to opposite ends of the bundle near the sides of the clamp. (See Fig. 6 (¢).) 

(d) The bundle, still in the clamp, shall be transferred to and fastened 
securely in the wrapping device. 
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(e) The bundle shall be stretched lengthwise by tension from a 10-lb. 
weight suspended over a pulley. The bundle clamp then shall be removed 
and a 4-lb. weight suspended and allowed to hang freely in the loop of the 
wrapping thread. 

(f) The handle of the wrapping device shall be turned about a dozen 
turns, care being exercised to hold the two threads slightly apart with the 
fingers of one hand in order that the thread will pack closely during suc- 
cessive turns of the bundle. The handle shall be stopped at an index on its 
shoulder and the position of the weight hanging freely in the thread shall 
be recorded. (See Fig. 8.) 

TaBLE I.—CORRECTIONS APPLICABLE TO MACHINE BREAKS FOR COTTONS HAVING DIFFER- 


ENT MEAN CORRECTED MACHINE BREAKS* AND CIRCUMFERENCES DEVIATING 
FROM STANDARD CIRCUMFERENCE. 


Corrections in Pounds Applicable to Cotton Having Average Corrected Machine Break of 


& 


. | 70 Ib. | 75 Ib. | 80 Ib. | 85 Ib. | 90 Ib. | 95 Ib. | 100 Ib.) 105 Ib.) 110 Ib.) 115 Ib. .|125 Ib. 


| 
OWNS 


1 
3 
4 
6 
7 
8 
10 
11 
13 
14 


1 
3 
4 
5 
7 
8 
9 
10 
12 
13 
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_ 


; “The mean corrected machine break is obtained by a first approximation, by allowing 1 lb. for each 0.001-in. deviation of 
the mean circumference from standard circumference (0.125 in.). This determines the proper column for the corrections. 
Bundles smaller than standard circumference require that the corrections be added; those larger than standard require 
that the corrections be subtracted. 
*The corrections are calculated by means of the formula R = 0.01690 Bs — 0.55; where Bs is the mean machine break 
for bundles of standard circumference, and F is the correction for each 0.001-in. deviation of circumference from standard 

(g) The wrapping shall be continued exactly ten revolutions of the 
handle, the threads again being held apart slightly, as before. ‘The fingers 
then shall be removed from the thread and the new position of the suspended 
weight recorded. 

(hk) The wrapping shall be continued until the threads meet near the 
center of the bundle and reverse their course along the bundle. A pencil 
mark shall be made where the two threads meet. Finally, wrapping shall 
be continued until the threads reach the sides of the wrapping jaws. 

(t) The two weights shall be removed. ‘The loop of the thread shall 


be cut in the center and each end tied around its respective bundle end. 
Breaking 

24. (a) Breaking jaws specially designed and constructed for the pur- 
pose shall be used in this test. The essential feature of the jaw is a slot 
into which is pressed a piece of hard sole leather. A lengthwise groove is 
made in the center of the leather by partly impressing a wire of 7g in. in 
diameter. 

(b) With the special jaws (Paragraph (a)) set so that they are in 
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contact, each bundle shall be placed in them so that the mark near the 
center of the bundle coincides with the point of contact of the jaws. 
(c) Each bundle, so clamped in the jaws, shall be placed in a tension 
testing machine with a capacity of 300 lb. and the bundle broken with the 


pulling jaws moving at the rate of 12 in. + }in. permin. Only a break that 
issharp and at the mark on the bunale shall be considered to be successful. 


Calculation 
25. (a) The corrected circumference shall be calculated by obtaining 


the difference in the two scale readings, dividing this result by ten, and 
then subtracting 0.023 in. (correction for thread diameter). (See Fig. 9.) 

(b) Each machine break shall be corrected to a bundle of standard 
size (0.125-in. circumference) by recourse to the accompanying Table I. 
The proper column to use in Table I is determined by calculating the average 
of the ten machine breaks and the average of their corresponding circum- 
ferences and adding or subtracting 1 lb. for each deviation of 0.001 in. 
according as the average size is smaller or larger, respectively, than stand- 
ard. If the average circumference deviates more than 0.001 in. from the 
standard, a second approximation shall be made. 

(c) The strength per square inch of each bundle shall be obtained by 
lividing the corrected machine break by the cross-sectional area (0.0012434 
sq. in.) of a bundle of standard size. (This may be conveniently obtained 
by reference to a prepared table or chart.) 

(d) The strength of a sample shall be the average strength per square 
inch as obtained from ten successful breaks. __ : 
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TENTATIVE METHODS OF TESTING AND TOLERANCES 
FOR 
RAYON! 


A.S.T.M. Designation: D 258-37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1926; REVISED, 1927, 1931, 1932, 1935, 1937. 

4 Scope 

1. These methods of testing and tolerances apply to the various types 

of rayon in the form of filaments or yarn. 
DEFINITIONS 

Rayon 

2. (a) Rayon.—A generic term for filaments made from various solu- 
_ tions of modified cellulose by pressing the cellulose solution through an 
orifice, and solidifying it in the form of a filament. 


Note.—Rayon as commercially manufactured is produced by four different processes. 
The resulting rayons from each process while similar in appearance differ among them- 
selves and with each other to a greater or lesser degree according to the differences in 
their physical and chemical properties. ‘The different type rayons, as defined in these 
specifications, are known as follows: 


(a) Nitrocellulose Rayon (Chardonnet) 
(b) Viscose Rayon 

(c) Cuprammonium Rayon 

(d) Cellulose-Acetate Rayon 


(b) Rayon Yarns.—Yarn composed of more than one continuous rayon 
filament. 
(c) Spun Rayon.—Yarn made from cut rayon filaments, the cut 
filaments being drawn out and twisted into a yarn by usual spinning 
processes, as follows: 


(1) Cotton system of spinning (ring and mule). 
(2) Worsted system of spinning (modified Bradford) (cap or ring). 
(3) Spun-silk method of spinning (ring or mule). 
3 Classification 
3. (a) Nitrocellulose Rayon.—Filaments compused of a regenerated or 


denitrated cellulose which has been coagulated or solidified from a solution 
of nitrated cellulose. 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
AS.T.M. Committee D-13 on Textile Materials. 
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(b) Viscose Rayon.—Filaments composed of a regenerated cellulose 
which has been coagulated or solidified from a solution of cellulose xanthate. 

(c) Cuprammonium Rayon.—Filaments composed of a regenerated 
cellulose which has been coagulated or solidified from a solution of cellulose 
in ammoniacal copper oxide. 

(d) Cellulose-Acetate Rayon.—Fi.aments composed of an acetic ester 
of cellulose which has been coagulated or solidified from its ee i 


Direction of Twist 


4. The direction of twist shall be as defined in the Tentative Defini- 
tins and Terms Relating to Textile Materials (A.S.T.M. Designation: 
D 123-37 T) of the American Society for Testing Materials, as follows: 

Twist, Direction of. —A yarn or cord has § twist if, when held in a 
vertical position, the spirals conform in slope to the central portion of the 
letter “S,” and Z twist if the spirals conform in slope to the central 
portion of the letter ‘‘Z.” 


“O" Twist “Z" Twist 
Denier (Rayon Yarn) 
5. The denier of a rayon yarn is numerically equal to the weight in 
grams of 9000 meters. 


Number (Spun Rayon Yarn) 

6. Spun rayon yarns are numbered on the basis of the system by which 
they are spun. 

TOLERANCES 

Tolerances 

7. Tolerances shall be the limits within which a textile must come in 
its specified characteristics in order that it shall constitute a good delivery 
on contract. 


Denier of Rayon Yarn 


8. (2) The average denier of the rayon yarn, either bleached or un- 
bleached, in each skein, tube, spool, cop, pirn, or cone of rayon as supplied 
by the seller, as found by test, shall not vary above or below the specified 
denier more than: 


10 per cent for denier finer than 150, and 
8 per cent for 150 denier or coarser. 
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q (b) The average denier of the rayon yarn in the singles, either bleached (¢ 
¢ or unbleached, in each case of skeins, tubes, spools, cops, pirns, cones, or asiie 
a beam warp as found by test shall not vary above or below the specified on. 
denier more than: ae 

: 5 per cent for denier finer than 150, and 
4 per cent for 150 denier or coarser. Prepa: 
Number of Spun Rayon Yarn 


9. The average number of the spun rayon yarn in the singles, either § {rom 
bleached or unbleached, in each case of skeins, tubes, spools, cops, pirns, § after 
cones, or a beam warp, as found by test, shall not vary more than 5 per § free { 
cent above or below the specified number. Spun rayon yarns are numbered § prese 
on the basis of the system by which they are spun. with 


Tensile Strength 


10. (a) The average tensile strength of the rayon yarn in each case 
of skeins, tubes, spools, cops, pirns, cones, or a beam warp in the singles 
or plied, either bleached or unbleached, as found by test, shall not be less 
than the specified tensile strength. 

(b) Tensile strength at break, or at the yield point, may be specified. 
Tensile strength shall be expressed as the number of grams per denier of the 
yarn before testing. 


Twist 
11. The average twist of the rayon yarn in each case of skeins, tubes, 
_ spools, cops, pirns, cones, or a beam wap shall not vary beyond the fol- 
lowing specified limits: 


Turns per INcu _ PERMISSIBLE VARIATIONS 


METHODS OF TESTING 
IDENTIFICATION 
properties, chemical properties and optical properties. In general, no 
. one method is completely reliable, particularly when distinguishing between 
cuprammonium and viscose rayon. 
1Seep.1174. 


General 

12. (a) The following procedure assumes that the rayon is known to 
be one of the four common types of rayon defined in Section 3. If this 
is not definitely known, the sample shall be examined according to the 
general procedure given in Tentative Methods for the Identification of 


4 
7 Fibers in Textiles and for the Quantitative Analysis of Textiles (A.S.T.M. Ch 
_ Designation: D 276 — 37 T) of the American Society for Testing Materials.' 
(b) Three methods of ‘identification are given, depending on physical 
ra 
ac 
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(c) While not essential, it is desirable that the analyst should have 
: wailable a series of authentic samples of the different types of rayon 
ecified § 4m, These samples should be from various sources and should be kept 


q as nearly up to date as possible. 


Preparation of Sample 
13. These methods are intended for rayon which is substantially free 
either § {rom color imparted by dyestuffs or colored pigments either before or 
pins, § after spinning, is in either bleached or unbleached state (Note), and is 
5 per & free from oil, finish or other foreign substances. If any of the latter are 
bered present, they shall be removed from the sample by digesting successively 

with the following solvents: 
(a) Distilled water at a temperature of 158 to 176 F. (70 to 80 C.) 

for 15 min. 


tee (b) Denatured alcohol at room temperature for 5 min. _ 
_— (c) Diethyl ether (sulfuric ether) at room temperature for 5 min. 
less 
The sample shall be wrung out after each immersion in order to remove 
“ified the excess of the solvent before transferring it to the next solvent. Finally, 


of the the sample shall be allowed to dry at room temperature. 


Note.—The procedures described herein may be applied to colored yarn, stripped or 
instripped, but the results are less reliable. ‘The methods given in this section for removing 
other foreign substances” are not suitable for complete removal of materials insoluble in 


these solvents. 
Physical Tests 

14. (a) A few strands of the sample shall be twisted and the mass 
brought as close as possible to a flame without permitting it to burn. 
Cellulose-acetate rayon is thermoplastic and will soften or melt, depending 
on the temperature. In the latter case it forms a hard ball. Nitrocel- 
lulose, viscose and cuprammonium rayon do not fuse when heated. 

(b) If sufficient sample of rayon yarn is available, the denier and the 
filament count shall be determined. ‘These values shall be compared with 
the various numbers offered for sale commercially by the different manu- 
lacturers of rayon. 


INS 


this Note.—This test is valuable only when the sample is known to be material of fairly 
recent manufacture and is known to be a commercial product, not an experimental lot. 
» the Occasionally, this will definitely determine the type of rayon yarn. At other times it 7. 
n of merely limits the number of possibilities, and on occasion, is of ‘no assistance. 


xamination 
jals.' 


15. (a) To Identify Cellulose-Acetate Rayon: 


. ] e 
ran Treat a fy strands of the sample with c.p. acetone. Cellulose-acetate 
tayon dissolve. 


_ Treat a few strands of the sample with a boiling solution of acetic 
, acid (40 g. of glacial acetic acid with 60 g. of distilled water). Cellulose- 


acetate rayon dissolves. 
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Nitrocellulose and cuprammonium and viscose rayon do not dissolye 
in either of the two solvents mentioned above. Partially saponified 
hydrolyzed cellulose-acetate rayon may be partly or completely insoluble jy 
the solvents described above. 

(b) To Identify Nitrocellulose Rayon: 

If the sample is not cellulose-acetate rayon, treat a few strands with 
diphenylamine reagent (66 g. of concentrated sulfuric acid, 33 g. of glacial 
acetic acid, 1 g. of diphenylamine) (Note 1). Nitrocellulose rayon gives 
a blue color; cuprammonium and viscose rayon do not give a blue color 
(Note 2). Nitrocellulose rayon dissolves faster than cuprammonium or 
viscose rayon. 


Note 1.—Diphenylbenzidine may be substituted for diphenylamine in the above 
reagent. 


Note 2.—This is essentially a test for oxidizing agents and cannot be relied on in the 
presence of residual bleaches such as peroxide or hypochlorite. A reagent which is exposed 
to the air for some time will develop a blue shade in the absence of other oxidizing agents. 
Active reducing agents such as hydrosulfite and some dyestuffs interfere with the test. 


' (c) To Identify Viscose Rayon: 
If the sample is not cellulose-acetate or nitrocellulose rayon, make 
the following sulfide test: 

Place a 5-g. sample (Note 1) of the rayon to be tested in a 250-ml. 
Erlenmeyer flask together with 100 ml. of water and 3 ml. of concentrated 
sulfuric acid. Completely cover the mouth of the flask with a piece of lead 
acetate paper, fastening the paper securely in position and allow to stand 
at a temperature of 194 to 203 F. (90 to 95 C.) for 4 hr. ‘Viscose rayon 
stains the lead acetate paper yellowish to brown or possibly black (Note 2). 
Cuprammonium rayon does not discolor the paper. 


Note 1.—If less than 5 g. of the sample is available take a smaller sample with the 
same relative quantities of reagent and place them in a test tube. 


NoTE 2,—This is a test for sulfides. As the methods for purifying viscose rayon 
become more and more efficient, samples are encountered occasionally which do not givea 
positive test. 


(d) To Identify Cuprammonium Rayon by Stain Tests: 

Four different stain tests are recommended as follows because no on¢ 
stain test can be relied upon in every case: 

Wright Stain Test.—Immerse an air-dry sample for a few seconds i 
a boiling saturated alcoholic solution of Wright stain, rinse thoroughly 1 
cold water. Viscose rayon is stained blue; cuprammonium rayon } 
stained violet. 

Erie Fast Orange.—Dye the sample in a 0.2 per cent solution of Ene 
Fast Orange CG (Color Index No. 621). Viscose rayon is white to weak 


orange; cuprammonium rayon is dyed deep orange. 
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Neocarmin W.—Immerse a small sample for 3 to 5 min. in a solution of 
Neocarmin W (Eimer & Amend). Rinse in running water, pass quickly 
through water containing a trace of ammonia, rinse well and dry. Viscose 
rayon is dyed violet; cuprammonium rayon is dyed blue. 

Diphenyl Fast Green.—Immerse a small sample in a 1 per cent solution 
of Diphenyl Fast Green B (Geigy Co.) for 2 min. at 68 F. (20 C.) Add 
Glauber’s salt. Remove, rinse and dry. Cuprammonium rayon is dyed 
geen, viscose rayon is undyed. 

Note.—Dye tests depend upon the nature of the surface of the rayon yarn and the 
subsequent treatment received in processing and finishing. While generally indicative, 


manufacturing processes occasionally mask the difference between these two types of 
rayon and it is desirable to supplement the above tests with a microscopical examination. 


Cuprammonium rayon cannot be satisfactorily identified by determin- 
ing residual copper. 

If previous tests indicate that the sample is not viscose, acetate or 
sitrocellulose rayon, it may be presumed that it is cuprammonium rayon 
but this should be checked by physical and optical methods. —_ 


Optical Test Apparatus 


16. When possible, a microscopic examination of the lateral surface 
cuprammonium and viscose rayon. For this purpose any good chemical 
microscope may be used, but examination may be made with the following 
give satisfactory results: 

Microscope with achromatic objectives 16 mm. and 4 mm., 10X eye 

The following accessories will be required: | 

A lamp with Daylite glass. 

Mounting medium, either methylene iodide or monobrom naphthalene. 
Optical Tests 
lide by flaming or with solvent, place on this a few filaments from the 
unknown sample and add a drop of the mounting medium to the filaments 
down until the mounting medium wets the whole of the underside of the 
cover glass. Place the slide on the microscope stage, adjust the light, 
10X eye piece. Compare the samples with the series of standard plates 
appended.! 


and cross-section of the sample should be made, particularly in the case of 
equipment which represents the least amount of apparatus which will 
piece, Abbe Condenser N. A. 120. _ 
Microscope slide and cover glasses. 
17. (a) Examination of the Lateral Surface—Clean the microscope 
on the slide. Place a cover glass over the sample and liquid, pressing them 
and focus, using first the 16 mm. and then the 4 mm. objective with the 
' See the Photomicrographs of Common Textile Fibers in the Appendix I, pp. 1213 to 1217. 
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Viscose rayon can be readily distinguished from cuprammoniy, § Nut 
rayon by the many fine striations parallel with the axis of the filaments 
A Cuprammonium rayon is unstriated. cone: 
; (b) Cross-Sectional Examination.—Prepare a thin cross-section of th § and 
sample by twisting several strands together and embedding them in way 
in a cork, or in a suitable sectioning device. Cut a thin section by mean; 
of a microtome or a sharp safety razor blade. Mount the sample on, 
microscope slide and if wax has been used, remove this by dissolving with | 
xylene. Focus as described above and compare the image with the seri« 
of standard cross-section plates appended.’ 
Viscose rayon usually has an irregular serated edge, cuprammonium 
_ rayon is almost round and has a smooth unserated edge. 


Notre.—Certain types of high tenacity viscose rayon processed in strong acid baths 
_ (Lilienfeld type) appear much more like cuprammonium rayon than regular viscose rayon. 


YARN DENIER 
_ Yarn Denier Determination 
18. (a) The denier of rayon yarn shall be determined (except when 
. _ the rayon is on beams, see Paragraph (b)) from skeins which have been 
> q prepared, reeled, and weighed under prevailing atmospheric conditions 
: from the spools, cops, tubes, cones, skeins, or other packages. 
(b) Rayon received on beams shall be tested as specified. > 


Test Skein 


19. A test skein of 200 turns of yarn shall be reeled, using any reel 

employing a straight wind traverse having a perimeter of 112.5 cm. (Note.) 

For yarns in skein form, a speed of 100 to 150 r. p. m. shall be used. For 

yarns on spools, cops, tubes or cones, the yarn shall be drawn off over end 

and a speed of 200 to 300 r. p. m. of the reel shall be used. The tension on 

the yarn shall not be heavier than is necessary to lay the yarn smoothly 

on the reel at the specified speed. The skeins shall be weighed separately on 

j a balance which shall be accurate to 0.25 per cent of the average weight of 

skein, 


Cal 


7 Note.—In a laboratory which is equipped for testing cotton yarns only, the skeins 
‘may be prepared on any reel having a perimeter of 1.5 yd. Each skein may contain 200 
turns as before if strength tests are to be subsequently made on it. 
If a skein of this length is used, the yarn denier shall be calculated from the corrected 
= weight (Section 22) by the following formulas: 
When weighing is made in grams: 


- _ Weight of 300-yd. skein in grams X 1.64 = 


Denier = - 
weed 0.05 gram (per denier) 
When skeins are weighed in grains: 
Weight of 300-yd. skein in grains 1.64 
0.7716 grain (per denier) 
When test skeins of 200 turns of yarn are not required for the strength test, the length 

§ of skeins reeled on the cotton reel may be 246 yd. (225 m.), or 492 yd. (450 m.) if desired 

® 


Denier = 


These skeins shall be weighed in accordance with Section 19. 
1See the}Photomicrographs of Common Textile Fibers in the Appendix I, pp. 1213 to 1217. = 
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Number of Denier Tests 

20. Two skeins of 200 turns each from each of 10 spools, cops, tubes, 
cones or skein bundles, from one case out of every 10 cases shall be made, 
and the average of these 20 tests shall be the denier of the rayon yarn. 


Weight Correction 

21. The weight of each skein shall be reduced to a common basis of 
standard moisture regain for the class of rayon under test by the following 
formulas: 

(a) For nitrocellulose, viscose and cuprammonium rayons: 

Actual skein weight 111 
100 + actual percentage of regain 


Weight, corrected to 11 per cent = 
moisture regain 


(b) For cellulose acetate rayons: 
Actual skein weight x 106.5 


100 + actual percentage of regain 


Weight, corrected to 6.5 per cent = 
moisture regain 
Calculation 
22. The denier shall be calculated as follows: 
Denier = Corrected weight of 225-meter skein in grams X 40 
23. The yardage per pound of rayon of any given denier may be cal- 
culated by the following formula: ” 
4,464,528 (yards per pound of one denier yarn) - 
Given denier 


Yards per pound of rayon = 


Moisture Regain, Actual 

24. To determine the actual percentage of moisture regain present in 
the test skeins (Section 19), two groups of three skeins each shall be taken 
immediately after weighing and the weight of each group recorded. They 
shall then be placed in two separate baskets in a conditioning oven and 
dried to constant weight on a balance sensitive to 0.25 per cent of the 
average weight of one skein at 220 to 230 F. (105 to 110 C.). The moisture 
regain of each group shall then be calculated as the percentage of the dry 
weight and the average of these two shall be the actual percentage of 
moisture regain in the skeins. eet 

STRENGTH 


(A) Preferred Method 

Test Skeins 

25. One skein from each of the ten spools, cops, tubes, cones or skeins 
drawn for a sample shall be prepared as described in Sections 18 and 19. 
The number of turns in these strength skeins shall be as specified in Table I. 
For deniers which require 200 ends, ten of the test skeins (Section 20), 
may be used if desired. Denier skeins to be used for the strength test shall 
be removed from the reel after collapsing the reel sufficiently to prevent 
stretching or damage, before being placed in the tensile testing machine. 


esired. 
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Taste I. 


St 
Denier oF RAYON — 


Conditioning 

26. (a) The test skeins shall be conditioned to a moisture equilibrium 
in an atmosphere having a relative humidity of 65 per cent at 70 F. (21 C)), 
A tolerance of +2 per cent is permitted in relative humidity and +10 F. 
(6 C.) in temperature. 

(b) It shall be considered that moisture equilibrium is reached when, 
after free exposure to the atmosphere kept in rapid motion by an electric 
fan, there is no progressive increase in weight. Moisture equilibrium shal] 
be approached from the dry side (not moisture free). 


Note.—It is believed that test skeins will reach moisture equilibrium after such 
exposure for a 3-hr. period. 


Apparatus 


27. (a) Machine.—The test skeins shall be broken on a tensile testing 

machine of the pendulum type of 25-kg. (55-lb.) or 50-kg. (110-lb.) 

capacities. The pulling jaw shall travel at a speed of 6 in. per min. 
(b) Recording Device.—The machine shall be equipped with an auto- 


(c) Jaws.—Clamps for holding the test skeins shall consist of flat 
metallic jaws. ‘These shall be covered with one layer of rubber tire tape 
which shall press directly against the specimen. One gripping surface 
shall be hinged or swiveled and the other shall be rigidly connected to the 
frame of the jaw. ‘The pressure between the jaws shall be secured by any 
suitable mechanical device so constructed as to grip the yarns firmly 
before the testing load is applied and prevent slipping during the progress 
of the test. 

(d) Any tendency to friction, backlash, or play in the recording device, 


lower jaw, or screw, shall be overcome as far as practicable by counter 
balancing. 


Procedure 


28. The conditioned test skeins shall be separately broken on the 
testing machine. The initial distance between jaws shall be 10 cm. (4 in). 
The skein to be tested shall first be clamped in the upper jaws, spread out 
evenly so that the ends are parallel forming a ribbon approximately § to 
?in.in width. The rayon shall then be drawn down through the lower jaws 
and spread out to make a band of equal width, pulled just taut and clamped. 
The lower capacity machine shall be used until the swing of the pendulum 
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exceeds an angle of 45 deg. from the vertical. When the yarns break above 
this mark, the higher capacity of testing machine shall be used. 


Number of Strength Tests : 
29. One test shall be made on each of the 10 skeins prepared as de- 
scribed in Section 25 and the average of these 10 tests shall be the tensile 


B. Alternate Method 


Apparatus 

30 (a) A single strand tester of proper capacity with the jaws set 
18 in. between grips shall be used. 

(b) The speed of the pulling jaw of a pendulum type testing machine 
shall be 12 + 4 in. per min. 

(c) The speed of operation of a constant specimen-rate-of-load type 
testing machine shall be such that the rate of application of the load shall 
be 4 g. per denier per min. 


Procedure, Alternate Method 

31. Five single strands from each of 10 spools, cops, tubes, cones, or 
skeins shall be broken after conditioning the package in accordance with 
Section 26. 


_, Note.—It is believed that the packages will reach moisture equilibrium after con- 
ditioning in accordance with Section 26 for a 3-hr. period for skeins and for a 12-hr. period 
for any other form of package. 


Number of Strength Tests 
32. The average of 50 tests free from breaks at the jaws shall be the 


strength. 
= Twist 


Twist Specimen 
33. The specimen of yarn for twist determination shall be drawn from 


the side of the package instead of over the end in order to avoid changing 
the twist. 


Twist Test Procedure 

34. The twist shall be determined in any standard twist tester with 
jaws set 10 in. apart. The yarn shall be clamped in the jaws under a 
definite tension by attaching a weight. The tension weight to be used 
shall be as follows: 


Yarn TENSION WEIGHT 


Note.— here yarn is unraveled from cloth for test, it is recommended that the 
tension weight wetied be increased by 10 g. in each classification. 


| TESTS AND TOLERANCES FOR Rayon (D 258 - 37 T) | | 
IN 
) 7 
) 
) 
) 
7 
brium 
1 C,), 
10 
5 
when, 
ectric 
| shall 
such 
esting 
0-lb.) 
n. 
‘7. 
| 
| 
the 
in) | 
| out 
2 to 75 denier and finer... fs 
ais 150 denier to 75 denier....... .. 20g. 
jaws Coarser than 150 denier...... .. 30g. an 
ped. 


1212 TESTS AND TOLERANCES FOR Rayon (D 258 - 37 T) 


Twist Calculation 


35. Two samples of yarn from each of five spools, cops, tubes, cones 
or skeins shall be tested and the average of these 10 tests calculated tp 
turns per inch shall be the twist. 


Mo!IstuRE REGAIN 
Moisture Regain 


36. The standard moisture regain of nitrocellulose, viscose and 
cuprammonium rayons shall be 11 per cent of the weight of the moistur. 
free yarn. 

37. The standard moisture regain of cellulose-acetate rayons shall be 
6.5 per cent of the weight of the moisture-free yarn. 


i 
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APPENDIX 


Courtesy of Bureau of Animal Industry, United States Department of Agriculture — 
(a) Longitudinal View. (b) Cross-Section. a 
Fic. 1.—Viscose Rayon Fibers, Bright ( 500). a 
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(d) Cross-Section, Dull. 


(6) Cross-Section, Semidull. 
Fic. 2.—Viscose Rayon Fibers (X 500). 
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(a) Longitudinal View, Semidull. 
(c) Longitudinal View, Dull. 
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(a) Longitudinal View, Bright. (b) Cross-Section, Bright. 


Agric Courtesy of Bureau of Animal Industry, United States Department of Agriculture 


Longitudinal View, Dull. (d) Cross-Section, Dull. 
Fic. 3.—Acetate Rayon Fibers (X 500). 
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(a) Longitudinal View, Regular Luster. (b) Cross-Section. Regular Luster, 


Courtesy of Bureau of Animal Industry, United States Department of Agriculiat 
(c) Longitudinal View, Semidull. (d) Cross-Section, Semidull. 
Fic. 4.—Cuprammonium Rayon Fibers (X 500). 
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Courtesy of Bureau of Animal Industry, United States Department of Agriculture 
(a) Longitudinal View. (b) Cross-Section. 


Fic. 5.—Nitrocellulose Rayon Fibers, Dull (X 500). 
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TENTATIVE SPECIFICATIONS AND METHODS OF TEST 
FOR 
FINENESS OF WOOL TOPS! 


A.S.T.M. Designation: D 472 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 19372 
Scope 


1. These specifications and methods of test are applicable to the 
grading of wool tops for fineness. 


TABLE I.—REQUIREMENTS FOR WOOL Tops. 


: 18.5 20 | 21.5 | 24.5 26 | 27.5 31 
Fineness Range, microns { 19.5 | 21| 22.5| 25.5) 27 
, CN Ricrcuveresewnaceen 10 to 20 microns 60 50 36 18 16 9 4 
Fine fibers, min., per cent} Group B.................- 10 to 25 microns 92 
10 to 30 microns} .... | .... 94 83 74 64) 45 
Group W................-25 to 30 microns 8 
Coarse fibers, max., per cent { Group X................ 30 to 40 microns | .... 2 6 17 24 31] 45 
Permissible variation for fibers coarser than specified................... 0.25 | 0.25 | 0.25 | 0.5 | 0.75 | 0.75) 1.0 

Minimum number of fibers required for test, per sample................. 


Definition 


2. Wool Top.—Wool top is a continuous untwisted band of wool 
fibers from which the shorter fibers or noils have been removed by combing. 


Note.—Commercial wool tops usually range from 4 to 8.5 oz. per 10 yd. and are wound 
é in balls ranging from 5 to 15 lb. in weight. 


SPECIFICATIONS 
Fineness 
3. The average fiber width, the minimum percentage of fine fibers and 
the maximum percentage of coarse fibers in wool top, as determined by 
test, shall conform to the requirements specified in Table I. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 


‘A.S.T.M. Committee D-13 on Textile Materials. 
2 Accepted for publication as tentative by Committee E-10 on Standards, August 26, 1937. a 
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METHODS OF TESTING 
Sampling 
4. Samples of at least one yard in length shall be submitted in accord- 
ance with the following requirements: 


Size or LOT, LB. : NUMBER OF BALLS SAMPLED 
Under 5000 2 

5000 to 20,000 3 

Over 20,000 3 for each 20,000 Ib, 


Minimum Number of Fibers for Test 

5. The minimum number of fibers required for each determination 
shall be the number per sample as prescribed in Table I for the specific 
grade times the number of samples submitted (Section 4). The minimum 
number of fibers shall be measured in groups of 100 fibers for each test 


Fic. 1.—Wedge Ruler Consisting of Three Wedges. 


specimen (Sections 8 and 14). The test specimens shall be taken from 
points uniformly distributed along the length of the sample. = = 


Fineness Test 


6. The fineness of wool tops shall be determined in accordance wit 
either the width method or the cross-section method. 


METHOD 


7. The width method is based on the projection of the image of the 
fiber at a high magnification through a microscope on a wedge ruler. The 
width of the image of the fiber is recorded on the wedge ruler by which the 
fibers are automatically sorted according to their width. 


Apparatus 


8. (a) Microscope-—The microscope shall have a movable. stage and 
fixed body tube, an 8-mm. objective and a 12.5 X eyepiece to give a magni- 
fication of 500 diameters, and shall be built for projection. 
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. (b) Wedge Ruler—The wedge ruler shall consist of a sheet of white 
_ cardboard on which is printed three wedges of the dimensions shown in 
Fig. 1. 

(c) The portion of the projected field within which measurements are 
to be made shall not be larger than a circle 4 in. in diameter and shall be 
centrally located in the projected field. 


Test Specimen 


9. Test specimens, each containing about 120 fibers shall be prepared 
in the following manner: From the top of the sample separate a strand of 


(a) Separation of Strand of (b) Cutti -in. Section. : (c) Cut Sample. 
Fibers from Sample. ng 


7 


(d) Arrangement of Fibers on Slide. 
Fic. 2.—Method of Preparing Test Specimen. 


= approximately % in. in diameter and 2 in. or more in length, Fig. 2 (a). 

From this strand cut with a razor blade or a pair of scissors, a small section 
approximately 3 in. in length, Fig. 2 (6) and (c). Placea drop of glycerine 
on a glass slide and mount the fiber bundle. Spread the fibers uniformly 
in the glycerine with the aid of dissecting needles, and then cover the fibers 
thus mounted with a cover glass. The final arrangement of the fibers on 
the slide should be similar to those shown in Fig. 2 (d). 


Measurement of Width 


10. The width of the fibers shall be determined by the following pro- 
cedure: Move the slide by means of the mechanical stage until the extreme 
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white left- or right-hand edge of the cover glass is projected in the measurement 
wn in circle. Disregarding the first few fibers, bring the image of a fiber into 
sharp focus on the wedge ruler. Turn the wedge ruler until the image of 
ts are the fiber to be measured is projected directly between the two lines of the 
all be wedge. Mark on the wedge ruler by a fine line, Fig. 3, the place where the 
TABLE II.—EXAMPLE OF CALCULATIONS FOR FINENESS.! 
pared CELL OBSERVED 
CELL Mippoint’ BounDARY FROM A, FREQUENCY, 
nd of y yx? 
10.0 
3 
17 17, 17 
23 46 
21 63 189 
14 56 224 
10 50 250 
ile. 
10 60 360 
2 14 98 


Ly=100 Lyx =306 Lyx? = 1230 


A = Midpoint of Cell No. 0 13.75 microns 


= Number of units per cell = 2.5 microns 
n = Ly = Number of observations = 100 
Zyx 306 

= = (3. 2 = 
Sy 100 3.06 c=a (3.06) 9.36 

Lyx? 1230 

= = 2.30 — 9.36 = 9 

12.38 d=b-—c=1 2.94 


Arithmetic Mean Width, X = A + (m X a) = 13.75 + (2.5 X 3.06) = 21.40 
Standard Deviation, ¢ = mV d = 2.5 X 1.72 = 4.30 


Limits for _ 1.6450 
P, = 0.90 (Chances, 9 in 0.72 
rine wedge has exactly the same width as the image of the fiber. The image of 
mly a fiber which is not uniform in width shall be measured either at a point 
bers which appears to be the mean value between the greatest and least 


5 on width (a in Fig. 4), or at the points of greatest and least width (b and c 
in Fig. 4), and averaging the two readings to determine the mean width. 
Bring the image of the next fiber into focus and measure as directed above 
and repeat the measurements on successive fibers until 100 fibers have 


pro- 

eme 1 Based on A.S.T.M. Manual on Presentation of Data, Proceedings, Am. Soc. Testing Mats., Vol. 33, 
Part I, p. 453 (1933). 
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been measured. Repeat the above procedure on additional test specimens 
until the required number of fibers per sample as specified in Table I have 


Calculations 


11. The fineness of wool top shall be expressed in terms of the arith- 
metical mean width of the specified minimum number of fibers in microns 
and frequency. The disnersion factor of a wool top grade may be expressed 
in terms of the standard deviation and the limits for the average width 
may be expressed in terms of P, = 0.90, which defines the ranges within 
which universe averages will fall 9 times in 10. (An example of the calcv- 
lations for fineness is shown in Table II.). 

| 


| 


6 


Fic. 3.—Marking Wedge Ruler Where Fic. 4.—Marking Wedge Ruler Where 


_ Fiber is of Uniform Diameter. Fiber is not of Uniform Diameter. - 
Cross-SECTION METHOD 


12. (a) In the cross-section method, the image of the cross-section of 
the fibers is projected through a microscope upon sensitized paper, at a 
magnification of 500. The sensitized paper is then developed, fixed and 
dried. The images of the fibers on the paper are measured in two directions 
at right angles to each other by means of a celluloid wedge measure, grad- 
uated to read directly in microns, or by means of a bidiameter scale. 

(b) For direct measurement the image of the cross-section of the fibers 
may be projected on a sheet of white paper and the images of the fibers 

_ measured in accordance with Paragraph (a). 


13. (a) M icroscope-—Laboratory and dissecting selenite: il a 
q projection microscope as specified in Section 8 (a) will be required. 

(b) Cross-Section Device.—The cross-section device illustrated in Fig. 5 
shall be used in making the cross-section of the fibers. It consists of two 
parts—the fiber holder, C, with the fiber slot, and the slide holder, D, in 
which is rigidly held a flat surfaced metal plunger, with right angle flanges to 
fit in the slot of the fiber holder (sliding fit.). When assembled, the shape of 
the cross-section device is as that of a microscopic slide, 1 in. in width and 
3 in. in length. The guides on each side of the slide holder keep the fiber 
holder steady and help hold the fiber and slide holder together, as shown in 


the side view, B, Fig. 5. 


Apparatus 
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(c) Wedge Measure.—The wedge measure illustrated in Fig. 6 shall 
be made from celluloid 0.0020 in. in thickness. 

(d) Bidiameter Scale-——The bidiameter scale, Fig. 7, shall be made 
on a 2 by 23-in. piece of glass. The scale rulings shall cover an area of 
3 by 4 cm. Each small division of 1 mm. is equal to 2 microns at a magni- 
‘cation of 500 diameters. The surface upon which the scale rulings appear 
must be protected from being scratched by affixing a narrow strip of 
celluloid on each of the 2-in. edges of the scale. 


D 


A = Assembl B = Side View 
Cc = Fiber Holder D = Slide Holder 


Fic. 5.—Cross-Section Device. 


| = 50 cM 


Fic. 6.—Wedge Measure. 

Test Specimen 

14. Test specimens shall be prepared in the following manner: Separate 
a strand of about 150 fibers from the sample (Fig. 2(@)), care being taken © 
not to disturb the distribution of the fibers as they occur in the sample. 
Insert this strand of fibers in the fiber holder and push the slide of — 
the slide holder into the fiber slot until the fibers are held securely in 
place. The slide of the slide holder should have just sufficient tension 
upon the fibers to hold them without distorting their shape. Cut the 
fibers off close on both sides of the fiber holder with scissors. Apply a 
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drop of celluloid solution on one side and allow to dry. Then cut the fibers 
off flush on both sides of the fiber holder by means of a sharp razor blade, 
the edge of which shall appear smooth and free from nicks when examined 
under the microscope at a magnification of 100 diameters. When cutting 
the fibers, keep the bevel of the razor blade parallel to the surface of the 
fiber holder. This may best be accomplished by using a binocular micro. 
scope, magnifying about 12 diameters. After the cross-section is made, 
examine it under a microscope at a magnification of about 300 diameters, 
When the fibers are all smoothly cut and each fiber is clearly defined, the 
cross-section is ready for projection. 


Projecting Cross-Section of Specimen 


15. With the projection microscope set for a magnification of 500 
_ diameters, the cross-section device shall be placed on the stage of the 


45 6 


i} 


_ Fic. 7.—Bidiameter Scale. 


microscope and the image of the cross-section of the specimen shall be 
focused through an orange color filter upon a sheet of white paper. The 
illumination shall be uniform for different cross-sections. To secure this 
condition a filter of the proper depth of color should be used according to 
the intensity of the light passing through the cross-section. 


4 


q Measuring Fibers for Fineness 


16. (a) The cross-section of the fibers (Section 12 (a) or (b)) shall be 
measured in microns for their greatest and least diameters, at right angles 
to each other. The first few fibers near any edge of the cross-section 
device shall not be measured. Measurement of successive fibers, without 
skipping, shall be made in accordance with Paragraphs (b) or (c) until 
100 fibers have been measured. 

(b) By means of the celluloid wedge measure (Fig. 6) the cross-sections 

a the fibers shall be measured in microns for their greatest and least 


diameters, at right angles to each other. As each fiber is measured, it shall 
be numbered through the hole in the wedge. 
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(c) By means of the bidiameter scale (Fig. 7) the greatest and least 
diameters of the cross-section of a fiber shall be measured as follows: Place 
the extreme left vertical line of the scale tangent to the periphery of the 
fiber cross-section at a point of major diameter. Adjust the long horizontal 
base line tangent to the periphery at a point of minor diameter. With the 
scale in this position both diameters of the fiber can be read directly in | 
microns with one setting. A reading can easily be made to one-half of a 
division, which is equivalent to one micron. 


Calculations 

17. The fineness of each fiber shall be obtained by averaging its greatest 
and least diameters. The fineness of wool tops shall be expressed in terms 
of the arithmetical mean diameter of the specified minimum number of 
fibers in microns and frequency. Other statistical values may be obtained | 
asset forth in Section 11. 
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-_ TENTATIVE METHODS OF TESTING WOOL FELT: 


A.S.T.M. Designation: D 461 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of 
the Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1937. 

Scope 
| 1. These methods of test are applicable to fabrics which are neither 
woven nor knitted, but built up by the interlocking of wool fibers by 
mechanical work, chemical action, moisture, and heat. Felt may be 
produced by one or a combination of any of these factors. It may consist 
of wool, or wool mixed with other fibers, or fibers other than wool. 


Standard Condition 


2. (a) Standard condition oi a felt shall be that reached by the fabric 

_ in moisture equilibrium in an atmospher having a relative humidity of 

65 per cent at 70 F. (21 C.). A tolerance of +2 per cent is permitted in 
relative humidity and +2 F. (1.1 C.) in temperature. 

(b) Moisture LEgquilibrium.—tIt shall be considered that moisture 

equilibrium is reached when two successive weighings not less than 30 min. 


apart show not more than 1.0 per cent change in weight. = 
Test Condition 


3. All felts shall be tested under standard conditions as described in 
Section 2. 


METHODS oF PHysICAL TESTING 


a Length 
4. The length of a roll or piece shall be determined by running the 
felt over a measuring drum of known circumference, from which the 
yardage is registered by a dial or counter driven by a chain, or other positive 
non-slip mechanism which measures the length of the back of the felt and 

is independent of its thickness. Just enough uniform tension shall be 
used to keep the felt running flat and true. As an optional method, meas- 


urement may be made with a steel tape, care being taken to insure that the 
material lies flat without excess tension. 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
A.S.T.M. Committee D-13 on Textile Materials. 
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Width 


5. The width of a roll or piece shall be determined at five different 
places uniformly distributed along the full length of the roll or piece, and 
nay be determined at the same time as the length. 


6. (a) Gage.—The thickness of pieces or sheets shall be measured by 
, dial micrometer, consisting of an anvil for supporting the specimen, a 
circular presser foot acting under a dead-weight load, and a dial graduated 
to read directly in thousandths of an inch. 

(b) Supporting Anvil——The anvil for supporting the specimen shall 
have a flat horizontal surface of minimum linear diameter of 2 in. In 
measuring the thickness of large pieces or sheets of felt, the supporting 
anvil shall be in the same plane as the supporting table. 

(c) Presser Foot.—The presser foot shall have an area of 1 sq. in. 
+(,0025 sq. in. (1.129 in. in diameter). It shall be sufficiently thick to 
insure rigidity and the edges shall be rounded off with a radius of 0.016 in. 
«+(,001 in. The surface of the presser foot shall be parallel to that of the 
supporting anvil. 

(d) Load.—The presser foot shall be actuated by a freely acting total 
dead-weight load of 10 oz. +0.5 oz. Less than 0.5 oz. shall be required to 
overcome friction and to produce perceptible motion of the presser foot 
when counterbalanced. ‘The load shall be applied gradually and without 
shock. The thickness reading shall be taken at least 10 sec. after the 
load is applied. 

(e) The thickness of cut parts' having a minimum linear dimension 
greater than 1 in. shall be measured by the dial micrometer as prescribed 
in Paragraphs (a) to (d). 

Weight 

7. A representative specimen containing not less than 40 sq. in. shall 
be cut from the felt. The specimen should be taken from midway between 
the outer edges. No specimen shall be taken within 6 in. of either side or 
end. The specimen shall be conditioned (Section 2) and then weighed on 


a balance sensitive to 0.1 per cent of the total weight. The weight shall 
be expressed in ounces per square yard. 


Breaking Strength 


8. (a) Testing Machine.—The breaking strength test shall be made a 
an approved type of testing machine of proper capacity such as described 
in the Standard Specifications for Textile Testing Machines (A.S.T.M. 
Designation: D 76) of the American Society for Testing seams . The 


'See Editorial Note, p. 1230. 
Book of A. S. T. M. Standards, p. 241. 
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jaws shall not be less than 2 in. in width, and shall be set 3 in. apart. The | 
speed of the pulling jaw shall be 12 + 3 in. per min. 

(b) Test Specimens.—Specimens for the breaking strength test shal 
be 2 by 10 in. Eight test specimens, four taken lengthwise and four cros:. 
wise of the piece, shall be cut with a die in such a manner that the 10-n, 
dimension will be parallel to or perpendicular to the length direction, 
respectively. All specimens shall be conditioned in accordance with 
Section 2 before testing. 

(c) Procedure-—The breaking strength of each conditioned specimen 
of felt shall be determined and the average strength in the length and 
width directions shall be reported separately in pounds per 2-in. width. 


Splitting Resistance 


9. (a) Testing Machine.—The splitting resistance shall be determined 
on a testing machine conforming to the requirements prescribed in 
Section 8 (a). 

(b) Test Specimens.—Specimens for the splitting resistance test shall 
be 2 by 10in. Eight test specimens, four taken lengthwise and four cross- 
wise of the piece, shall be cut with a die in such a manner that the 10-in. 
dimension will be parallel to or perpendicular to the length direction, 
respectively. All specimens shall be conditioned in accordance with 
Section 2 before testing. 

(c) Procedure-——The conditioned specimen shall be split in thickness 
by cutting with a knife within the middle third of the thickness for a 
distance of approximately 2 in. from one end only. One of these lips shall 
be clamped in each jaw of the testing machine, the jaws being brought 
close enough together for the purpose. The machine shall then be started 
and the average load in pounds necessary to pull the two sections of felt 
wholly apart shall be recorded as the splitting resistance in pounds. The 
test results on the four specimens cut lengthwise and the four cut crosswise 
shall be respectively averaged and reported separately as the splitting 
resistance in pounds per 2-in. width. 


Note.—This test is not applicable to felts where the thickness is less than qs it. 
For material less than %, in. in thickness breaking strength only is recommended as a0 


indicative test. 
METHODS OF CHEMICAL ANALYSIS _ 


Matter Soluble in Carbon Tetrachloride 


10. (a) Sample.—A sample of approximately 8 g. of the felt shall be 


prepared for chemical analysis by cutting into pieces approximately 4-10. 
square. 


(b) Approximately 5 g. of the material prepared in accordance with 
Paragraph (a) shall be dried at 105 to 110 C. to constant weight. This 
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shall be designated as the original oven-dried specimen and its weight as 
weight B. The original oven-dried specimen shall be extracted with 
carbon tetrachloride in a Soxhlet apparatus for 4 hr. The carbon tetra- 
chloride shall then be evaporated from the extract and the residue dried at 
105 to 110 C. to constant weight. This residue is matter soluble in carbon 
tetrachloride and shall be reported as a percentage of th the weight, B, of the 


original oven-dried specimen. 


Matter Soluble in Water 


11. The fibrous residue from the carbon tetrachloride treatment 
(Section 10 (6)) shall be dried at 105 to 110 C. to constant weight. It 
shall then be covered with distilled water and boiled for 15 min. The 
slution shall be decanted through a filter into a weighed evaporating dish. 
The boiling with distilled water and decanting shall be repeated four 
times. ‘The combined solutions shall be evaporated and the residue dried 
at 105 to 110 C. to constant weight. This residue is matter soluble in water 
and shall be reported as a percentage of the weight, B, of the original oven- 
dried specimen (Section 10 {0)). 


Wool Determination 

12. In this procedure wool is determined by chemical analysis and not 
ona fiber basis. The fibrous residue from the water extraction (Section 11) 
shall be dried at 105 to 110 C. to constant weight. This gives the weight 
of the moisture-free fibrous residue, weight C. The moisture-free fibrous 
residue shall be placed in an Erlenmeyer flask and covered with 105 to 
150 ml. of sodium hydroxide solution (5 per cent). A reflux condenser 
shall then be attached and the solution boiled for 20 min. The undissolved 
fibers shall be collected on a Gooch filter or a 100 mesh wire screen and 
washed with distilled water until neutral to litmus paper. The residue 
shall then be dried at 105 to 110 C. to constant weight. This gives the 
weight of the vegetable matter, weight D. The wool content shall be 
calculated as a percentage of the weight of the original oven-dried specimen 
from the following formula: 


Wool (dry basis), per cent = B (c = 33) 


where B = the weight of the original oven-dried specimen (Section 10 ()), 

t * = the weight of the moisture-free fibrous residue from the water 
extraction, and 

D = the weight of the washed and dried residue (vegetable matter). 


Note 1.—The above formula is based upon the assumption that 5 per cent of the 
cotton is dissolved by a sodium hydroxide solution (5 per cent). 


Note 2.—The wool content may include hair and other animal fibers similar to wool 
— A Rey are removed with the wool. For detection of substitutes, see 
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13. The balance (approximately 3 g.) of the material prepared in 
accordance with Section 10 (a) shall be placed in an oven and dried at 
105 to 110 C. to constant weight, and allowed to cool in a desiccator. 
A 2-g. portion of the dried specimen shall be weighed quickly in a tared 
crucible. The crucible shall be placed in a muffle furnace and the temper. 
ature shall be raised slowly to 800 to 1000 C., care being taken to avoid 
loss of ash by quick ignition or by subjecting the specimen to strong drafts, 
When all combustible matter has been volatilized, the crucible shall be 
placed in a desiccator, cooled, and weighed. The ignition and subsequent 
cooling in a desiccator shall be repeated until a constant weight is obtained. 
The ash shall be reported as a percentage of the weight of the oven-dried 


Microscopic Examination 

14. In the determination of wool content (Section 12), all animal 
fibers are included as wool. If it is desired to detect the presence of, and 
identify, fibers other than wool (such as other animal fibers, vegetable and 
synthetic fibers), the felt shall be subjected to a microscopical examination 
such as is described in Tentative Methods for the Identification of Fibers 
in Textiles and for the Quantitative Analysis of Textiles (A.S.T.M. Desig- 
nation: D 276 — 37 T) of the American Society for Testing Materials. 


EpITor1AL Note 


Methods for determining the thickness of small cut parts are being studied by 
the committee by means of cooperative interlaboratory tests and when formulated 
will be incorporated in Section 6. The following description of these methods is 
accordingly published herewith as information only: 

(a) The thickness of small cut parts may be measured by the dial micrometer 
by cutting to fit and closely nesting together a sufficient number of pieces to give a 
minimum linear dimension of 1.25 in. 

(b) The thickness of cut parts having a minimum linear dimension less than 

1 in. and purchased under a specification which includes dimensions, weight per 
. square yard, and permissible tolerances, may be determined by weighing a number 
‘ __ of parts and calculating the thickness in terms of the specified weight per square yard. 


Example.—A cut part of annular shape of the following dimensions, 1.00 in. in out- 
side diameter, 0.75 in. in inside diameter, 0.25 in. in thickness, will have an area of 0.3436 
sq. in., and if cut from a }-in. felt weighing 4 Ib. per sq. yd., 100 pieces will weigh 9.106 lb. 
If 100 pieces selected at random from a shipment actually weigh 0.092 Ib., the thickness 
would be reported as 0.217 in. 


1 See p. 1174. 
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TENTATIVE METHODS OF TESTING AND TOLERANCES 
FOR 


CERTAIN WOOL AND PART WOOL FABRICS! 


A.S.T.M. Designation: D 462 - 37 T 


This i is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. These methods of testing and tolerances apply to fabrics made 
wholly or in part of wool yarn, excluding blankets, pile fabrics, knitted 
fabrics, and wool felt. 

Classification” 

2. The terms “100 per cent,” “All,” “Pure,” and similar expressions, 
when used to modify or in connection with wool, woolen, or worsted fabrics, 
are synonymous and shall be used only in referring to fabrics, the fiber 
content of which shall be 100 per cent wool. 

3. The terms ‘“‘ Wool,” “Woolen,” or “Worsted,” with the expressions 
“decorated with silk,” “‘with mercerized decorations,” and similar expres- 
sions, shall be used only in referring to fabrics of which the wool fiber 
content is not less than 95 per cent by weight of the total fiber content. 

4. The terms “Wool,” “Woolen,” or “Worsted,” when used in 
referring to fabrics of which the wool fiber content is less than 95 per cent 
by weight of the total fiber content, shall be preceded by a figure indicating 
the actual minimum percentage of wool fiber present. 


Tolerances 


5. Tolerances are the limits within which the specified characteristics 
of the fabric must come to constitute a good delivery on contract. 


Wool Content 
6. The wool content shall not be more than 2 per cent under the 
required content as specified in Sections 2 and 3. 
1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
S.T.M, Committee D-13 on Textile Materials. 
* This classification and the methods of chemical analysis in these Tentative Methods conform in sub- 


stance, but not in form, with the Recommended Commercial Standard for Wool and Part Wool Fabrics 
(TS-2300) promulgated by the U. S. Department of Commerce. 
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Count 


7. The number of threads per inch, in both the warp and the filling 
shall be not more than 3.5 per cent over or under the specified count. 


Breaking Strength 
_ 8. The breaking strength shall be not less than that specified. 


METHODS OF PHYSICAL TESTING 

Methods 

9. The methods of testing described in the Standard General Methods 
of Testing Woven Textile Fabrics (A.S.T.M. Designation: D 39) ! or in the 
Tentative Methods for the Identification of Fibers in Textiles and for the 
Quantitative Analysis of Textiles (A.S.T.M. Designation: D 276 - 37 T)! 
of the American Society for Testing Materials shall be used where applicable 
to wool and part wool fabrics. ‘These instances are indicated below by 
references to the specific sections of Methods D 39 or D 276 which are 
applicable. 


Width 
10. The width of the fabric shall be determined in accordance with 
Section 4 of Standard Methods D 39. The measurements shall be made 
inside the selvages and to an accuracy of ¥ in. 
Weight 
11. The weight of the fabric shall be determined i in accordance with 
Section 6 of Standard Methods D 39. 
Count 


12. The number of threads per inch, both warp and filling, shall be 
determined in accordance with Section 7 of Standard Methods D 39. 


Breaking Strength 

13. The breaking strength of the fabric shall be determined by the 
grab method in accordance with Section 10 of Standard Methods D 39. 
Mechanical Analysis 

14. Where practicable, the different kinds of fiber in a fabric may be 


separated mechanically from each other after removing the sizing, finishing, 
and non-fibrous materials in accordance with Section 15. 


a METHODS OF CHEMICAL ANALYSIS 


| Total Sizing, Finishing and Other 
Non-Fibrous Materials 


15. The total sizing, finishing and other non-fibrous materials shall 


11936 on f A.S.T.M. Standards, Part II, p. 1334. 
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be determined in accordance with Section 3 of Tentative Methods 
D 276. 


Chemical Tests for Determining Wool Content 


16. If microscopic examination indicates no other fibers present but 
wool, cotton, silk, or rayon, the material shall be tested in accordance with 
the methods referred to in the following Paragraphs (a) to (c): 

(a) Mixtures of Wool with Cotton, or Rayon, or Both.—The wool content 
shall be determined by the sulfuric acid method in accordance with Sections 
gand 10 of Tentative Methods D 276. 

(b) Mixtures of Wool and Silk.—The wool content shall be determined 
from the residue after the removal of the silk in accordance with Section 
sof Tentative Methods D 276. 

(c) Mixtures of Wool, Cotton, Rayon, Acetate, and Silk.—The wool 
content shall be determined in accordance with Sections 4 to 10 of Tentative 
Methods D 276. 


Shrinkage in Sponging? 


17. (a) Test Specimen.—The specimen of cloth selected for test shall 
be at least 20 in. square. ‘The specimen shall be laid out without tension 
on a flat surface, care being taken that the cloth is smooth and free from 
wrinkles or creases. ‘Three distances, each of 18 in. (or longer when the 
size of the specimen permits), shall be marked off on the specimen in both 
the warp and filling directions. The distances shall be parallel to the warp 
or filling threads, at least 6 in. apart, and at least 1 in. from all edges of the 
specimen. Satisfactory marks may be made with indelible ink and fine- 
pointed pen or by sewing fine threads into the cloth. 

(b) Wetting.—The specimens shall be immersed in and saturated with 
water at a temperature of 75 to 85 F. (24 to 29 C.). 

(c) Drying—The specimens shall be removed from the water and 
wrapped in a clean white towel or similar cloth. ‘The excess water shall be 
removed from them in a centrifuge or by squeezing by hand. Wringing by 
hand or with squeeze rolls is not permissible as either may distort the cloth. 
The specimens shall then be spread out on a horizontal screen or similar 
perforated surface and dried in a current of air. Ifa heated drying chamber 
is not available, the specimens may be dried at room temperature in a 
current of air from an electric fan. The dried specimens shall then be 
dampened with water and allowed to stand for 5 min. 

(d) Pressing—The specimens shall be pressed either with a flat-bed 
press or a hand iron, care being taken in handling them to avoid any strain 
on the cloth. Each specimen shall be smoothed to remove wrinkles before 


! This shrinkage in sponging test conforms in substance, but not in form, with Section XV of the Federal 
Specification for Textiles; Test Methods (CCC-T-191). 
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pressing. When a hand iron is used, the iron shall not be slid back and 
forth on the specimen but simply pressed down upon it in a manner simu. 
lating the action of a flat-bed press. The specimen shall be allowed to 
cool before it is measured. 
(e) Results—The pressed specimen shall be laid out without tension 
on a flat surface, care being taken that the cloth is smooth and free from 
wrinkles or creases, and the distances which were marked off shall be 
measured again. ‘The shrinkage in the warp and in the filling directions of T 
cloth shall be calculated separately as the average obtained from the thre § “™ 
marked distances. The shrinkage in sponging is the decrease in the distance 
_ measured and shall be expressed either as a percentage of the dimension 
before sponging or in inches per yard. 
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TENTATIVE METHODS OF TESTING PILE FLOOR COVERING! | 
A.S.T.M. Designation: D 418 — 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1935; REVISED, 1936, 1937. 
Scope 
1. These methods of testing are intended to be applicable for testing 
pile floor coverings. 


Sampling 


Note.—The size of dissection samples and methods of sampling will be covered in 
later revisions of these methods. 


Condition 

2. (a) Unconditioned.—The weight of the fabric when samples for 
weight determination are cut from it is the unconditioned weight. A speci- 
fication of the weight of a fabric must also specify the moisture condition. 


(b) Oven-Dry Condition.—The oven-dry condition of pile fabrics is that 
state of dryness obtained on equilibrium of the material in a ventilated 
drying oven maintained at a temperature of 220 to 230 F. (105 to 110 C.). 

(c) Standard Condition.—Standard condition of pile fabric is that 
reached by the fabric when in moisture equilibrium with a standard at- 
mosphere having a relative humidity of 65 per cent at 70 F. (21 C.). A 
tolerance of + 2 per cent is permitted in relative humidity and plus 10 F. 
(6C.) in temperature. 

(d) Moisture Egquilibrium.—It shall be considered that moisture 
equilibrium is reached when, after free exposure to the standard atmos- 
phere in motion, two successive weighings not less than 30 min. apart 
show not more than 1.0 per cent change in weight. Equilibrium shall be 
approached from the dry side (not oven dry). 


Test Condition 
3. All fabrics shall be tested under standard conditions as described 
Section 2 (0). 
QUANTITY 


Length 
4. The length of a roll or piece shall be determined by running the 
fabric over a measuring drum of known circumference, from which the 


AS 1Under the ‘Standardization procedure of the Society, these methods are under the jurisdiction of the 
‘S.T.M. Committee D-13 on Textile Materials. 
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_ yardage is registered by a dial or counter driven by a chain, or othe 

' positive non-slip mechanism. ‘This yardage shall be the length of the § Back 
fabric and shall be independent of any effect of its thickness. _ . 


Width 
5. (a) The width of a roll or piece shall be determined at five different 


{ places uniformly distributed along the full length of the roll or piece, and § The 
__- may be determined at the same time as the total length. 


(b) Measurements shall be made to the nearest 7, in. surf 

qq (c) The average of the five measurements shall be the width. pet 

The 
Weight be 


6. (a) Unconditioned Weight—Samples in a condition which is the 
_ same as the fabric they represent shall be rapidly weighed on a balance 
sensitive to 0.1 per cent of the total weight. The average of these weights 
shall be the unconditioned weight of the samples. Net 
(b) Conditioned Weight——The samples shall be allowed to come to 
standard condition as described in Section 2(c). The average of the samples J an 
weighed under standard conditions shall be the conditioned weight of the 
samples and shall be used to calculate the conditioned weight of the fabric. } 
(c) Oven-Dry Weight.—One of the samples shall then be converted to 
the oven-dry condition as described in Section 2 (b). ‘This shall be the co 
oven-dry weight of the sample N 


of 
Moisture Content and Regain th 


7. (a) Weight of Moisture—The difference between the unconditioned 
— weight (Section 6 (a)) and the oven-dry weight (Section 6 (c)) shall be the P 
weight of moisture present. 


in 


(b) Moisture Content.—The weight of moisture when calculated as 4 c 
‘ percentage of the unconditioned weight shall be the ‘moisture content” P 
of the fabric. a 


(c) Moisture Regain—The weight of moisture when calculated as 4 
d percentage of the oven-dry weight shall be the ‘“‘moisture regain” of the 
fabric. 


8. Thickness of a fabric shall be determined by measuring to the 

_ nearest 0.001 in. the distance between the two plane surfaces of a fabric 
under a pressure of 0.100 + 0.001 lb. per sq. in. distributed over a circular 
area 3.00 in. + 0.01 in. in diameter. The pressure shall be applied slowly 
to avoid impact, and the fabric shall be protected from vibration during 
test. The average of five readings taken at different places, uniformly 
distributed over the area of the surface, shall be the thickness. a 


_ Total Thickness 
( 
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CONSTRUCTION 
Of the Back Thickness 
9. The pile yarn shall be removed from a section of the fabric by clip- 

7 ing. A S-in. diameter metal ring shall be seated on the clipped portion, 
2 a flame directed on the area within the ring, and the pile destroyed with 
lifferent § aiternate charring and brushing without damage to the back construction. 
ce, and # =The thickness of the remaining back construction shall be determined by 
measuring to the nearest 0.001 in. the distance between the two plane 

surfaces of the back construction under a pressure of 0.750 lb. + 0.001 Ib. 

cn per sq. in. distributed over a circular area 1.00 in. + 0.01 in. in diameter. 
The pressure shall be applied slowly to avoid impact and the fabric shall 

be protected from vibration during test. The average of five readings 

1s the F taken at different places within the exposed back construction shall be the 


balane back thickness of the sample. 
weights 
Net Pile Height 
me to 10. The net pile height is the difference between the total thickness 
amples and the back thickness, as determined in Sections 8 and 9. 
of the 
fabric, Rows 
rted to 11. The number of rows of tufts per inch shall be determined by 


be the counting a space of not less than 10 in. in at least three different places. 
No two count determinations shall include the same rows. The row count 
* of the fabric shall be the average of the number of rows per inch in these 


be the Pitch 


12. The number of pile ends per inch of width shall be determined by 
d asa counting the tufts in a space of not less than 10 in. in at least three different 
tent” places staggered across the piece. ‘The pitch of the fabric shall be the 
average of the number of pile ends per inch found in these three tests. 


asa 
of the Shot 
13. The number of shots in a single repeat of the weaving cycle, or the 

number of travels of filling yarn per row of tufts, shall be noted. This 
number shall be the shot of the fabric. In Axminster weaves or fabrics 

0 the woven on a needle loom, the double thread or filling left by one movement 

fabric of the needle shall be considered as one shot. 

rcular 

lowly Dissection 

luring 14. Samples, in standard condition and which have not been oven- 


omly dried, shall be completely picked apart dividing the yarn according to its 
utility in the carpet, that is pile, warp, stuffer and filling. The debris 
, from the dissection shall be included in the pile yarn weight. 


: 
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Weights 
15. (a) The yarns sorted according to their construction purpose shall 
% be weighed under standard conditions. Ome 

(0) Pile Yarn.—The average of the weights of the samples of pile yam ort 
« shall be the conditioned weight of pile yarn. al 
(c) Clean Pile Yarn.—The average of the weights of the samples of hen 
pile yarn, after extraction to remove fats and after desizing to remove the 
_ sizing materials, shall be the conditioned weight of clean pile yarn. 


(d) Warp Yarn.—The average of the weights of the samples of warp 

a yarn shall be the conditioned weight of warp yarn. 
(e) Stuffer Yarn.—The average of the weights of the samples of stuffer Pro 

4 yarn shall be the conditioned weight of stuffer yarn. 

| (f) Filling Yarn.—The average of the weights of the samples of filling tw 
yarn shall be the conditioned weight of filling yarn. the 
(g) Weights per Square Yard.—Each of the conditioned weights of pile, of 
clean pile, warp, stuffer and filling yarn, determined in accordance with spt 
Paragraphs (b) to (f), shall be corrected to the weight per square yard by th 
multiplying by the proper constant and shall be reported as the weight te 


of pile yarn, clean pile yarn, warp yarn, stuffer yarn and filling yarn per TI 
square yard, respectively. Ur 

(h) Clean Backing Yarns.—When required, the average of the weights th 
of the samples of warp yarn, stuffer yarn and filling yarn after extractions Re 


to remove fats and after desizing to remove size, shall be the conditioned 
weight of clean warp yarn, clean stuffer yarn and clean filling yar, 
respectively. 


Note.—Methods for desizing and fat removal will be developed and added later. cl 
~ 


_Fastness or Cotor to Licut 
‘Standard 

16. The standard for light fastness shall be a carpet having a wool 
content of approximately 27 oz. per sq. yd., a pile height of approximately 
0.340 in., and made with yarn spun from white carpet wool, which has been 
stock dyed by the following procedure: The dye solution shall contain 
2 per cent of Indigotine, conc. C. I. 1180 (DuPont), 10 per cent of calcined 
Glauber’s salt and 5 per cent of sulfuric acid, based on the weight of the 
wool. For 1 part of wool by weight, 30 parts of the solution by weight 
shall be used. The wool shall be dyed in this solution at 90 C. for 45 min. 


Note.—The fading characteristics of this standard are on record in the National 
Bureau of Standards in the form of spectrophotometric curves to assure accurate duplication 
of the standard when necessary. The standard may be obtained at cost from Alexander 
Smith and Sons Carpet Co., Yonkers, N. Y., by ordering sample ER-312 No. 1687. 


Test Specimens 


oe 17. Test specimens for the determination of fastness to light shall be 
approximately 2} by 4 in. and so cut that the 4-in. dimension shall be 


parallel to the direction of the chain or warp. 
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Apparatus 
18. The apparatus for exposing the test specimens shall be a Fade- 
Qmeter or similar machine by which fading is produced comparable to that 
by sunlight. The frame for holding the test specimens shall be so constructed 
as to permit the mounting of the specimen in such a manner that it cannot 
bend away from the front of the frame at any point, that the pile touches 
the front of the frame lightly, that the lower part of the specimen is exposed, 
and that the exposed area, approximately ‘ly by 2 in, is completely 
surrounded by an unexposed area. — 


Procedure 

19. Two test specimens prepared i in accordance with Section 17 _ 
two standards shall be mounted in the frame in such a manner that if 
there is a noticeable lay to the pile, one directional component of the lay 
of the pile shall point toward the bottom of the specimen. The four 
specimens shall then be placed in the Fade-Ometer at the same time. When 
the standards show a slight fading (about 20 hr.), one standard and one 
test specimen shall be removed and the number of hours of exposure noted. 
The exposure of the remaining standard and test specimen shall be continued 
until they have been exposed for twice the length of time required for 


the first fading. = 


20. Each test specimen ao be compared with the standard against 
which it has been run. ‘The fastness of the color to light shall be considered 
satisfactory if, after both the first and second periods of exposure, the 
change in color in the test specimen is less than that in the standard. 
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VOLUMETRIC DETERMINATION OF SMALL AMOUNTS oF 
COPPER IN TEXTILES! 

A.S.T.M. Designation: D 463 — 37 T 

This is a Tentative Standard and under the Regulations of the Society is subject to 

annual revision. Suggestions for revision should be addressed to the Headquarters of the 

Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1933; REVISED, 1936, 1937. 


Scope 


1. This method of test applies to all textile materials whose content of 
copper is less than 0.01 per cent but greater than 100 micrograms (1 micro- 
gram = 0.001 mg.). 

Samples 


2. The sample for analyses shall be as fairly representative of the 
material as possible. Each sample shall weigh (preferably) approximately 
10 g. but in no case shall the weight be less than 5 g. 

Blanks 


3. Blank tests shall be run on all determinations and deductions made 
accordingly. 


Number of Tests 


4. A minimum of three determinations shall be made in every case and 
the average value taken as the true value. In cases of dispute an average 
of at least five determinations shall be taken. 

Reagents 


5. All reagents shall be of c.p. quality as prescribed by the American 
Chemical Society. 


Special Solutions Required 


6. (a) Standard Copper Solution.—Electrolytic copper foil of known 
purity shall be used for the preparation of the standard copper solution. 
The foil shall be cleaned by scraping down to the bright metal. Exactly 
1 g. shall be dissolved in the least required amount of dilute HNO, (2:1, by 
volume) in an Erlenmeyer flask. Approximately 10 ml. of this diluted acid 
will be required. After solution the material in the flask shall be heated 
with full use of the heat until brown fumes are no longer apparent to the 
eye. Then 30 ml. of distilled. water and a small amount (approximately 
1 g.) of pure powdered talcum shall be added and the mixture boiled 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.8.T.M. 
Committee D-13 on Textile Materials. 
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vigorously for at least 10 min. The escaping vapors, when not too strongly 
acid, may be tested for nitrous acid with moist starch iodide paper. Boiling 
ynder these conditions should quickly give a negative test and need not be 
ntinued to dryness. After cooling, enough distilled water shall be added 
to bring the volume up to approximately 100 ml. ‘The talc shall then be 
filtered off on an asbestos-padded Gooch crucible and washed thoroughly 
with hot distilled water. The entire filtrate with washings shall be trans- 
ferred to a 1-liter volumetric flask, and, after cooling to 25 C., shall be 
made up to the mark with distilled water. The strength of this solution 
may be checked by electrolytic determination of the copper in tartrate- 
yanide solution on a platinum dish cathode." 

(b) Alternative Standard Copper Solution.—For routine analysis the 
standard copper solution may be prepared by a more simple method as 
follows: 3.94 g. of clean, clear crystals of c.p. copper sulfate (CuSO,-5 HO) 
shall be accurately weighed, then dissolved in about 100 ml. of distilled 
water containing 1 ml. of dilute sulfuric acid and diluted to 1 liter with 
distilled water in a volumetric flask. The strength of this solution may be 
checked by electrolysis as described in Paragraph (a) or by titration with a 
standard solution of sodium thiosulfate. 

(c) Diluted Standard Copper Solution.—In a volumetric flask, 10 ml. 
of the standard copper solution, prepared as described in Paragraph (a) or 
(b), shall be diluted to 1 liter with copper-free distilled water at 25 C. 
One milliliter of this solution is equivalent to 0.00001 g. (10 micrograms) 
of copper. 

(d) Thiosulfate Solution—A solution of sodium thiosulfate of approx- 
imately 0.001 N strength shall be used. A standard solution of approx- 
imately 0.1 N strength shall first be prepared by dissolving about 25 g. of 
the crystalline sodium thiosulfate (Na2S,0;-5 HO) and 2 g. of NaOH in 
| liter of distilled water. In a volumetric flask, 10 ml. of the 0.1 V sodium 
thiosulfate solution shall be diluted to 1 liter with distilled water. The 
0.001 N sodium thiosulfate solution shall be standardized by taking an 
amount of the standard copper solution, approximately equivalent to the 
amount of copper expected in the sample, and treating it as outlined in the 
determination of copper, starting with the addition of 10 ml. of HCl 
(sp. gr. 1.19), Section 7 (b). The 0.001 N sodium thiosulfate solution is 
not very stable and shall be freshly prepared each day from the 0.1 NV 
solution. 

(e) Starch Indicator Solution—This solution shall contain approx- 
imately 10 g. of soluble starch per liter of water. The water shall be boiled 
and the starch dissolved by adding it slowly, with rapid stirring, to the 
boiling solution. ‘The starch solution shall be freshly prepared every two 
or three days. 


lect A. W. Peters, “A Giangio and Rapid Method of Electrolysis of Copper Solutions with Tartrate Cyanide 
trolyte,” Journal, Am. Chemical Soc., Vol. 34, p. 426 (1912). 
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({) Bromine Water.—The bromine water shall be made by adding a 
excess of bromine to distilled water, without adding a soluble bromide tp 
increase its concentration. The presence of a soluble bromide leads to the 
formation of compounds of the nature of hypobromites which will liberate 
iodine and cause the results to be high, 


Procedure 


TEST FOR COPPER IN TEXTILES (D 463-37 T) 


7. (a) Ashing.—-The accurately weighed sample shall be cut into 
small pieces and placed in a No. 00A porcelain evaporating dish of 70-nl, 
capacity. The dish shall be placed on a Chromel triangle over a low flame 
from a bunsen burner protected from strong drafts. The sample shall then 
be ignited gently, care being taken that the material does not burn witha 
flame. The heating shall be continued until all the fiber has burned off 
leaving a carbonaceous skeleton. At this point the dish shall be allowed 
to cool and the residue shall be moistened carefully with five drops of 
HNO, (sp. gr. 1.42) and one drop of H2SO, (sp. gr. 1.84). The heat shall 
again be applied gradually and raised until all carbon and tarry residue is 

burned off. The time consumed in ashing is usually about 20 min. 

(b) Titration.—The ash shall be dissolved in 10 ml. of HCI (sp. gr. 1.19) 
by heating on a hot plate for 10 min. and then transferred to a beaker with 
50 ml. of hot distilled water. Approximately 2 to 5 ml. of bromine water 
shall be added and the solution shall be boiled briskly until the excess 
bromine has been boiled off. In order to insure the complete removal of 
the bromine it is necessary to boil the solution down to about one third of 
its original volume. ‘The solution shall be cooled slightly and NH,OH 
(sp. gr. 0.90) added in slight excess. The solution shall then be boiled 
vigorously for a few minutes in order to coagulate the iron precipitate, 
expel the excess of ammonia, and destroy compounds which may be formed 
if all the bromine has not been expelled. The iron precipitate shall be 
filtered off through a thin asbestos mat and washed three or four times with 
a little hot distilled water. Dilute acetic acid shall then be added to the 
filtrate until the blue color just disappears or until the solution is just 
faintly acid to litmus paper. The solution shell then be heated to boiling 
for a few minutes more, cooled to tap water temperature, and 5 g. of 
potassium iodide (free from iodate) or an equivalent amount of a freshly 
prepared solution of potassium iodide shall be added. One milliliter of 
starch indicator shall be added and the solution shall be titrated imme- 
diately with 0.001 N sodium thiosulfate. It is necessary to stir the solution 
vigorously when titrating with the 0.001 N solution because diffusion is 
slower with such a dilute solution. It is advisable to titrate as quickly as 
possible to the end point. In some samples, if allowed to stand exposed to 
the air, a blue color will reappear after the titration is completed. This may 
be disregarded since an end point, permanent for 1 min., indicates that all 
of the copper has been titrated. 
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TENTATIVE DEFINITIONS AND TERMS RELATIN G TO > 
TEXTILE MATERIALS! 
A.S.T.M. Designation: D 123 -37T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


2 


IssuED AS TENTATIVE, 1921; ADOPTED IN AMENDED Form, 1927; REVISED, 1930; 
REISSUED AS TENTATIVE, 1933; REVISED, 1934, 1935, 1936, 1937. 

Abacé.—See Fibers, Vegetable. 

African Sisal—Under Fibers, Vegetable, see Sisal. 

Airplane Fabric (Cotton).—A plain-weave fabric well woven, prac- 
tically without imperfections, of mercerized two-ply yarns, width 

1.19) 36 to 56 in., maximum weight 4.5 oz. per sq. yd., and threads per 

with inch warp and filling 80 to 84. 


water Ambari.—Under Fibers, Vegetable, see Kenéf. 

Xcess Asbestos Roving.—Asbestos roving is composed of a mixture of chryso- ) 

al of tile asbestos and cotton or other organic fiber. J 

rd of Reinforced Asbestos Roving.—Reinforced asbestos roving is com- 

[OH posed of a core of yarn consisting of organic fiber, covered : 

oiled with a mixture of chrysotile asbestos and organic fiber. 

tate, Asbestos Yarn.—Yarn consisting of: (1) asbestos fiber; (2) asbestos 

med and organic fibers; (3) asbestos and organic fibers and wire; or 

ll be (4) asbestos and organic fibers with an insert of cotton or other 

with yarn reinforcement. 

the Plain Asbestos Yarn.—Yarn consisting of: (1) asbestos fiber, or a 

just (2) asbestos and organic fibers. 

ling Metallic Asbestos Yarn.—Yarn consisting of plain asbestos yarn 

. of twisted with brass, copper or other fine wire. It is also 

shly termed ‘‘wire-inserted yarn.” 

r of Backing Varn (Pile Fabrics).—Yarns that do not form the pile. 

me- Bad Casts (Raw Silk).—Abruptly thickened places on the threads due 

ion to the cocoon filament not being properly attached to the thread, 

1 is or made by adding more than one cocoon filament at a time. 

as 1 Under the standardization procedure of the Society, these definitions are under the jursidiction 

| to of the A.S.T.M. Committee D-13 on Textile Materials. 
__ These tentative definitions comprise a revision and combination of the former Standard Defi- — 

lay nitions of Terms Relating to Textile Materials (A.S.T.M. Designation: D 123 - 30) and Tentative — 

all Definitions of Terms Relating to Textile Materials (A.S.T.M. Designation: D 123 - 30 T), which 
definitions were accordingly discontinued in 1933. 

(1243) 
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Bagging.—A very heavy loosely woven fabric used for bale tares, etc., 
woven from heavy tight-twisted roving, consisting largely of 
reworked and waste fibers. Also known as “‘gunny.” _, 

Bahama Sisal.—Under Fibers, Vegetable, see Sisal. 

Benares Sunn.—Under Fibers, Vegetable, see Sunn. 

Bimlipatam Jute.—Under Fibers, Vegetable, see KenAf. 

Binder Twine.—A somewhat stiff, single strand yarn, 3 to 4 mm. in 
diameter, made of hard fibers (henequen, sisal, abac4, or phor- 
mium), used chiefly for binding bundles of grain, etc. 

Boiled-Off Silk.—Silk with the gum (sericin) removed. 

Bombay Aloe.—Under Fibers, Vegetable, see Cantara and Piteira. 

Book-Fold.—The fabric is doubled selvage to selvage, then folded 
back and forth upon itself in predetermined lengths. When the 
piece is completed, the fold-edges on each side are folded to the 
center and the piece is folded once more upon itself so that the 

_ fold-edges are inside, forming a compact package as long as 
one-half the width of the goods. : 

Bristle-—A very coarse, stiff hair. 

Broken Pick.—A streak across the width of the fabric caused by a 
completely or partially missing pick. 

Brown Hemp.—Under Fibers, Vegetable, see Sunn. 

Burlap (Jute).—A coarse, heavy, plain-weave fabric of coarse single 
yarn. 

Cable Twist—A twine, cord, or rope construction in which each 
successive twist is in the opposite direction to the preceding twist. 

Camel’s Hair.—The hair of the camel, particularly the soft downy 
fiber from the haunches and under parts of the camel. > 

Cantala.—See Fibers, Vegetable 

Cellulose-Acetate Rayon.—See Fibers, Artificial. 

China Grass.—See Fibers, Vegetable. 

China Hemp.—Under Fibers, Vegetable, see Hemp. 

Chingma.—See Fibers, Vegetable. 

Cockled or Cockling.—A curliness or crimpiness appearing in fabrics 
when different sizes of yarn or varying tensions on the yarns are 
accidentally introduced. 

Coir.—See Fibers, Vegetable. 

Combing Wool.—See Wool, Combing. 

Cordage Fibers.—See Fibers, Cordage. 

Corkscrews (Raw Silk).—A place i in the thread in which one or more 
cocoon filaments are longer than the remainder and give the 


appearance ofaspiralform. = | 
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Heavy Corkscrews (Raw Silk).—Corkscrews which are more than 
twice the diameter of the thread. 

Corkscrew Twist.—A place in the yarn or cord where an uneven twist 4 
gives a corkscrew-like appearance. 7 

Cotton.—See Fibers, Vegetable. 

Crimp.—The difference in distance between two points on a yarn as 
it lies in a fabric and the same two points when the yarn has been 
removed from the fabric and straightened, expressed as a per- 
centage of the distance between the two points as the yarn lies 
in the fabric. 

Cuprammonium Rayon.—See Fibers, Artificial. 

Cut (Asbestos).—A term indicating the number of an asbestos yarn. 

The word “cut” preceded by a number indicates, in multiples of 

100 yd., the yardage per pound of single-ply yarn. For example, 

“5 cut” indicates that a pound of single-ply yarn so designated 

measures approximately 500 yd.; “10 cut” indicates a yarn that 

measures approximately 1000 yd. per lb. 

(Woolen).—See Yarn Number (Woolen—Cut). 


Da or Dha.—Under Fibers, Vegetable, see KenAf. 
Daisee Jute-—Under Fibers, Vegetable, see Jute. 


Defective Splice—A splice having irregular final twist, untrimmed 4 
ends, or excessive thickness or thinness. 

Denier.—A unit of weight (0.05 g.) used to express the number of silk 
and rayon yarns. The weight in units of 0.05 g. of a 450-m. skein 
at standard conditions is the denier of silk and rayon (exclusive 
of spun silk and staple rayon) yarn. It is also equal numerically 
to the weight in grams of a 9000-m. skein at standard conditions. 

Dungaree (Cotton).—A heavy cloth woven in the 2/1 twill weave 
from dyed warp and filling yarns, in narrow widths, usually 28 
in.; approximate number of threads per inch, warp 68 and filling 
52; yarn number both warp and filling 20’s. 

End.—An individual warp yarn. | 

Felt Jackets —See Jackets. 

Viber—A slender, elongated filament, such as rayon, silk, or wool; or 
a single elongated cell, like cotton or kapok; or a slender strand 
composed of aggregations of elongated cells like flax, jute and sisal. 

Fibers, Artificial: 

Cellulose-Acetate Rayon.—Filaments composed of an acetic ester 
of cellulose which has been coagulated or solidified from its _ 
solution. 

‘Cuprammonium Rayon.—F¥ ilaments composed of a regenerated 
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cellulose which has been coagulated or solidified from a 
solution of cellulose in ammoniacal copper oxide. 

Nitrocellulose Rayon (Chardonnet).—Filaments composed of a 
regenerated or denitrated cellulose which has been coagulated 
or solidified from a solution of nitrated cellulose. 

Viscose Rayon.—Filaments composed of a regenerated cellulose 
which has been coagulated or solidified from a solution of 
cellulose xanthate. 

Fibers, Asbestos: 

Amosite.—A mineral fiber occurring as a silicate of iron produced 

4 principally in Africa. Amosite is a coarse brown or gray 
fiber. It has little application in the textile industry, except 
as a filler for asbestos insulating products. 

Chrysotile-—A mineral fiber occurring as a silicate of magnesia in 

connection with serpentine rock, produced extensively in 

- Canada, Africa, and Russia and to smaller extent in the 
United States, Italy, Australia and China. Chrysotile is 
found as a compact fibrous stone in various shades of green 
and yellow which, when crushed, separates into fine white 
fibers. The division into fibers can be carried to extreme 
fineness and the ultimate fiber is regarded as a chain of 
molecules. 

Crocidolite—A mineral fiber occurring as a silicate of iron pro- 
duced principally in Africa. Crocidolite found as a stone is 
blue in shade and is reduced to fibrous form by mechanical 

process of separation. 

Fibers, Cordage.—Coarse hard fibers, such as abacd, sisal, henequen, 

cantala, phormium, palma and piteira (see Fibers, Vegetable), 

used in the manufacture of ropes and coarse twines. Generally 
too coarse and stiff to be woven into fabrics. 

Fibers, Hard or Leaf.—Rather stiff elongated strands from leaves like 
sisal, henequen, and piteira (see Fibers, Vegetable), or leaf stems 
like abac4, used chiefly in coarse twines, ropes and heavy cordage. 

Fibers, Soft or Bast.—Flexible elongated strands from the inner bark 
of plants like flax, hemp, jute and ramie, used in twines, nets and 
woven fabrics. 

Fibers, Textile—Slender filaments or strands that cling together, 

enabling them to be spun into yarns of appreciable strength and 
sufficiently pliable to be woven or knitted into fabrics. Essential 
requisites are tensile strength, length of at least 5 mm. and more 

than 100 times the diameter, pliability and cohesiveness; 


Fi 
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=e Fibers, Textile (Continued) : 
de desirable, but not essential, properties are elasticity, fineness, 
lated uniformity, durability and luster. Textile fibers include cotton, 


flax, jute, and many other fibers of vegetable origin; silk, wool 
and various hairs of animal origin; rayon and allied synthetic or _ 
artificial fibers; and asbestos of mineral origin. . 


Fibers, Vegetable: 

Abacé (a-ba-k4).—A hard fiber, rather coarse, firm texture, 
cream-white to brown in color, 150 to 350 cm. long, strong 
and durable from the leaf stems forming the trunk of the — 
abac& plant, Musa textilis, cultivated in the Philippine © 
Islands, Sumatra, Java and Borneo; used in ropes and 
coarse twines and cordage, especially marine cordage, oil- 
well cables, and binder twine. Called ‘Manila hemp” in 
the market, but quite unlike true hemp, also called ‘Cebu 
hemp” and “ Davao hemp.” 


Cantala.—A hard fiber, finer, softer and weaker than sisal, 
yellow-white to brownish white, 75 to 150 cm. long, from 
leaves of the cantala plant, Agave cantala, cultivated in the 
Philippine Islands, Java, Sumatra and India; used in coarse 
twines including binder twine. Called ‘‘ Manila maguey”’ 
and “Cebu maguey” in market quotations for water-retted, 


: hand-cleaned cantala of the Philippine Islands. 

” China Grass.—Ramie fiber separated from the stalk and the thin 
outer bark, but not degummed; the form in which it is 

) usually exported from China. 

ly Chingma (Ching’-mah).—A rather coarse soft fiber, usually flaggy 
and fuzzy, straw-white, from the inner bark of the chingma 

™ plant, Abutilon theophrasti, cultivated in northern China 

ee Gy and Japan. Called “China jute” and “Tientsin jute,” but 

" it is not a true jute. 

A Coir.—A hard fiber, usually brown, 10 to 25 cm. long, from the 

d outer husk of the cocoanut, Cocos nucifera, produced chiefly 
in Ceylon and southern India; used in door mats and as a 

. stuffing fiber in upholstery. 

d Cotton.—Fine, one-celled, twisted fibers, white or in some types 

] tawny, brown or green, 20 to 50 mm. long, growing on the 


seeds of several different species of the genus Gossypium; 
used more than all other vegetable fibers, and for a wider 
range of purposes including yarns, twines, woven and knit 


goods, upholstery stuffing and packing. | 
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Fibers, Vegetable (Continued) : 
American short-staple upland cotton——Fiber 20 to 27 mm. 


long, from Gossypium hirsutum, cultivated in the southern 
part of the United States and introduced into nearly all 
cotton-growing countries. 


American long-staple upland cotton.—28 to 40 mm. long, from 
selected varieties of Gossypium hirsutum, cultivated 
largely in the Yazoo-Mississippi delta. Also called 
“delta cotton.” 


Arizona Egyptian cotton.—Fiber 35 to 45 mm. long, from 
modified forms of Gossypium barbadense, cultivated in 
Arizona and southern California, includes “Pima 
cotton.” 


_ Egyptian cotton.—Fiber 30 to 40 mm. long, white or in some 
_ varieties light brown, from modified forms of Gossypium 
_ barbadense, cultivated chiefly in lower Egypt, includes 
_ “Sakellarides,” ‘‘Zagora,” etc. 


India cotton.—Short staple, 18 to 25 mm. long, from Gos- 
sypium neglectum, cultivated in India. 


Levant cotton.—Short staple, 18 to 25 mm. long, from Gos- 
sypium herbaceum, cultivated in Asia Minor and 
countries bordering the Mediterranean Sea. 


Rough Peruvian cotton.—A rather harsh, wiry cotton, from 
Gossypium peruvianum, cultivated in Peru, used chiefly 
for mixing with wool. 


Sea island cotton.—Fine fiber, 30 to 50 mm. long, from 
Gossypium barbadense, cultivated chiefly in the West 
Indies, used in the finest cotton yarns. 


cream white, 40 to 100 cm. long, from the inner bark of the 
- fiber flax plant, Linum usitatissimum, cultivated chiefly in 
northern Europe; used in linen thread, shoe thread, seine 
twine, sacking twine, laces, table linen, handkerchiefs, 


- towels and in all true linens. 


-_ Flax.—A soft, fine fiber, dark gray, bluish green, brown or 


Courtrai flax.—Flax fiber of superior quality, very carefully 
prepared from straw retted in the River Lys, or most of 


it in recent years tank-retted in the vicinity of Courtrai, 
Belgium. 


= 
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Fibers, Vegetable (Continued): 


Dew-retted flax (Slanetz of Russia).—Flax fiber prepared by 
spreading the plants on the ground and exposing to the 
weather for retting. 


Flax tow.—Short or tangled fiber beaten out in scutching— 

often called scutching tow; or combed out in hackling 
and called machine tow; used in flax yarns and twines. 
(This flax tow is distinctly different from upholstery 
flax tow.) 


Flemish flax.—Flax produced in Flanders (northeastern 
France and Belgium). 


Hackled flax (also called ‘dressed flax” or ‘‘dressed line’’).— 
Flax fiber, which after being scutched, has been cleaned 
further by combing over hackles. 


Trish flax.—F¥ lax fiber produced in northern Ireland, mostly 
retted in bogs, yielding a very strong fiber. 


Risten (R in market quotations).—The standard grade of 
flax on which other grades of the Baltic countries are 
based. 


Water-retted flax (Motchenetz of Russia).—Flax fiber, light 
cream-white to gray in color, prepared by retting the 
plants in water. 


—— soft fiber, dark steel gray to cream-white, usually in 
7 narrow flat ribbons, 100 to 250 cm. long, from the inner bark 


of the hemp plant, Cannabis sativa, cultivated in Italy, 
Soviet Republic, Yugoslavia, Hungary, China, Japan, Chile, 
i Wisconsin, Illinois and Kentucky; used in America in 
commercial twines, marlines, halyards and tarred rigging. | 


Hemp line—Hemp fiber, scutched and prepared so that the 
fibers lie straight and parallel. 


Hemp tow.—Short or tangled hemp fiber, beaten out in 
scutching the long fiber, or hemp fiber produced from — 
short or tangled stalks. - 


Italian hemp.—Hemp fiber produced in Italy, mostly water- 
retted and well prepared and graded. 


Kentucky rough prime.—The best quality of Kentucky dew- 
retted hemp, broken on hand brakes, but not hackled. 
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_* Fibers, Vegetable (Continued): 


_ Kentucky single-dressed.—Kentucky hemp further prepared 
by drawing it over a coarse hackle. 


¥ Russian hemp.—Hemp fiber chiefly dew-retted and prepared 
by hand in the Soviet Republic. 


- Wisconsin hemp—Hemp fiber produced in Wisconsin by 
dew-retting and breaking and scutching by machinery. 


_ Henequen (hen-e-ken’).—A hard fiber, rather coarse, of firm 
texture, light yellow or sometimes reddish yellow, cylindrical, 
75 to 150 cm. long, from the leaves of the henequen plant, 
Agave fourcroydos, cultivated in the Yucatan peninsula, and 
in Tamaulipas in Mexico and in Cuba; used chiefly in binder 
twine and in other coarse twines and small ropes. 


_ Tstle (eest’-ley).—Hard fibers, light yellow, 20 to 50 cm. long, 
cylindrical and stiff, from the leaves of two closely related 
species of A gave, growing without cultivation in Mexico, used 
chiefly in brushes, and to a less extent in twines; used in 
Mexico for handmade twines and coarse sacks. Also called 
“Tampico” and “ Mexican Fiber.” 


_ Jute.—Soft fibers, light yellow to nearly white or bright copper 
to deep slate, changing in age to dingy brown or gray, 100 
to 500 cm. long, averaging about 240 cm. exclusive of butts. 
from the inner bark of the round-pod jute, Corchorus cap- 
sularis, and the long-pod jute, Corchorus olitorius, cultivated 
in India, chiefly in Bengal, and to a very limited extent 
elsewhere in southern Asia and in tropical Africa; used in 
twines, gunnies, burlaps, hessians, carpet yarns, sacks for 
sugar, coffee, grain, feed, fertilizer and wool, and backing 
for linoleum and oilcloths. 


Jute butits.—The flaggy lower ends of jute fiber, 10 to 25 cm. 

long, cut off in preparing jute for market, used in twines 

and coarse bagging, especially in covering for bales of 
cotton. 


_ Daisee jute (also spelled desi and deshi, meaning “local”).— 

Fiber of long-pod jute, Corchorus olitorius, grown in the 

ae soils in the region of Calcutta, generally ranging 
from copper brown to slate gray. 

_ Tossa jute.—Fiber of long-pod jute, Corchorus olitorius, grown 

on uplands in eastern India; pearl gray to deep slate 

_ color or copper brown. 


Fibers, Vegetable (Continued) : 
Kapok.—Stuffing fiber, composed of single cells 20 to 30 mm. long, — 


Kendf.—A soft jute-like fiber, light yellow to gray, flaggy at base, — - 


Mescal Maguey.—A hard fiber, light straw-yellow, slightly finer | 


Palma.—A hard fiber nearly white or light brownish yellow, often 


Phormium (for’-mi-um).—A hard fiber, reddish yellow or nearly } 


Piteira (pe-ter’-a).—A hard fiber, nearly white, and finer and 


D 123 - 37 T 


A.S.T.M. DESIGNATION: 


white gray or tawny in color, produced in the seed pods of © - 
the kapok tree, Ceiba pentandra, and closely allied species of == 
the bombax family, resistant to the absorption of moisture, 
resilient and buoyant; used as stuffing in pillows, mattresses 


and life preservers and for temperature and sound insulation. = 


150 to 250 cm. long, from the inner bark of the ken4f plant, __ 
Hibiscus cannabinus, cultivated most extensively i in Persia 7 
and Trans-Caspian Russia. Called ““Da” in French West | 
Africa, ‘“Gombo” in Portuguese Africa, ‘““Ambari” and 
“Deccan Hemp” in India, “Bimlipatam” in Madras 
Presidency; used in twines and for purposes similar to jute. — 


and softer than sisal, 80 to 150 cm. long, from leaves of the ~ 
mescal maguey plant, Agave pseudotequilana, cultivated in 
western Mexico; used in twines and cordage. 


with some coarser dark brown curved ends, 25 to 50 cm. -_ 
long, from the leaves of a tree yucca, Samuela carnerosana, 
growing on high mountains in northern Mexico; used for = 
twines, especially “paper twines.” Also called “palma ns: 
istle,” but quite unlike istle fibers. ; 


white, finer and softer than abac4, 150 to 300 cm. long, from 
the leaves of the harakeke lily, Phormium tenax, growing 
wild and cultivated in New Zealand, and cultivated i in St. 

Helena; used chiefly in hard fiber twines, including binder 
twine. Called ““New Zealand hemp” and “New Zealand 
flax” but the fiber is unlike hemp or flax. 


= 


softer than other hard fibers as it is prepared in Mauritius, 
150 to 250 cm. long, from the leaves of the giant cabuya, 
Furcraea gigantea, native in eastern Brazil and. cultivated in 
Mauritius, India and Natal; used chiefly for mixing with 
other fibers to improve the color of ropes. Called 
“Mauritius hemp,” but it is not a true hemp and is peneuaes 
in other countries besides Mauritius. 
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Fibers, Vegetable (Continued) : 


Ramie.—A soft fiber, parchment-like, light yellow or greenish and 


stiff in the form called’ “China grass,” white, soft and 
slightly coarser than flax when degummed and bleached, 


_ very strong and durable, from the inner bark of the ramie 


plant, Boehmeria nivea, cultivated in China and Japan; used 


in China for dress goods and “grass cloth,” in Japan for 
- seine twine and mosquito nets and in Germany for shoe 


thread, trimmings, tapestries, and various woven fabrics. 
Also called “rhea.” 


Sisal.—A hard fiber, of firm texture, light yellow or nearly white 


{ 


| 


sometimes slightly green, very strong and durable, 100 to 180 
cm. long, from the leaves of the sisal plant, Agave sisalana, 
native in Yucatan, cultivated in East Africa, Java, Sumatra, 
Haiti and the Bahamas; used in hard fiber twines including 
binder twine and also in coarse cordage. 


Bahama Sisal.—Retted in sea water and cleaned by hand; 
is finer, softer, weaker and lacking in luster. 


Sunn.—A soft fiber, gray or brown with a wide range of color and 


quality due to differences in preparation, 50 to 150 cm. long, 
from the inner bark of the sunn plant, Crotalaria juncea, 
cultivated in India; used in twines. Also called “Sunn 
hemp,” “India hemp,” “Bombay hemp,” “Brown hemp,” 
and various sorts by the names “Benares,” “Ttarsi,” 
Jubbulpore,” “Madras” and ‘‘Sewnee.” 


Filament.—A fine fiber or fibril. 


Flax.—See Fibers, Vegetable. 


Float (Defect).—A place in the fabric where warp or filling threads 
extend unbound over threads with which they should be 
interlaced. 


Gage.—A measure of the fineness of knit fabric as determined by the’ 


closeness of the wales, that is, the longitudinal rows of loops. It 
is expressed by the number of wales or needles in one and one half 
inches. 


Grease Wool.—See Wool, Grease. 


Note.—The word “gage” is also used as an expression of thickness. 


Gombo Hemp.—Under Fibers, Vegetable, see Kenaf. 
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Fibers, Vegetable (Continued): 


Grenadine Yarn (Silk).—A yarn composed of more than one strand, 
each individual strand of which has been doubled with a reverse 
twist, each twist having a minimum of approximately the 
following number of turns per inch depending on the number of 
strands used: 


MinmmuM NuMBER 
STRANDS or TuRNS 


Note.—When more than 4 strands are used, the minimum number of turns 
is decreased in accordance with the above proportion. 

Hairiness (Raw Silk).—The condition of the thread when there are 
numerous loose ends of cocoon filaments projecting from the 7 
thread. 

Hawser Twist (Cotton).—A twine, cord or rope construction in which ~ 
the first and second twists are in the same direction and the third ‘4 
twist in the opposite direction. _ 


Heavy Corkscrews.—See Corkscrews. 


Heavy Goods——Name applied in Calcutta quotations te material 
called “sacking” in the United States. 


Hemp.—See Fibers, Vegetable. 
Henequen.—See Fibers, Vegetable. 


Hessians—Name applied in United Kingdom, India, and on the 
Continent to material called “burlap” in the United States. 


Holland Finish (Cotton).—A glazed or unglazed finish, consisting of 
oil and a filling material, applied to cotton fabrics to make them 
opaque or semi-opaque; resembles a beetled linen fabric formerly 
known as “Holland.” 

Indian Hemp.—Under Fibers, Vegetable, see Sunn. 

Istle—See Fibers, Vegetable. 

Italian Hemp.—Under Fibers, Vegetable, see Hemp. 

Jackets (woven or felted).—A textile product, woven or pressed into 
tubular or sleeve form, ready for covering and shrinking on a 
machine roll. 

Jubbulpore Hemp.—Under Fibers, Vegetable, see Sunn. 

Jute.—See Fibers, Vegetable. 

Jute Butts —See Fibers, Vegetable. 

Kapok.—See Fibers, Vegetable. 

Kendf.—See Fibers, Vegetable. 
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Kink (fabric).—A place in the fabric where a slack strand has twisted 
on itself, forming a loop in the yarn or cord. 

Knot.—A joining by tying of threads together. 

_ Long Knots (Raw Silk).—Knots which have loose ends from 3 to 

25 mm. (¢ to 1 in.) in length. 
_ Very Long Knots (Raw Silk).—Knots which have loose ends 
exceeding 25 mm. (1 in.) in length. 

Laid Fabric (Cotton).—A fabric made without filling yarn, the parallel 
warp yarns being held together by means of rubber latex or other 
binding material. 

Lea (Cotton).—A 120-yd. skein of yarn containing 80 turns, that is, 
each 13 yd. in length. i ii 

(Linen).—See Yarn Number (Linen). 

Linen.—Under Fibers, Vegetable, see Flax. 

Loop-Knot.—A snarl or curl produced by a filling yarn coiling upon 
itself. 

_ Loops (Raw Silk).—Small open piaces in the thread due to the 
excessive length of one or more cocoon filaments. 

_ Long Loops.—Loops which exceed 1 cm. (3 in.) in length. 

Long Knot.—See Knot. 

Maguey.—Under Fibers, Vegetable, see Cantala and Mescal Maguey. 

Manila Hemp.—Under Fibers, Vegetable, see Abacé. 

Mauritius Hemp.—Under Fibers, Vegetable, see Piteira. 

Mescal Maguey.—See Fibers, Vegetable. _ 

Metallic Asbestos Yarn.—See Asbestos Yarn. 

Mexican Fiber —Under Fibers, Vegetable, see Istle. 

Mexican Sisal.—Under Fibers, Vegetable, see Henequen. 

Mispick.—A pick not properly interlaced. 

Mohair.—The hair of the Angora goat. 

Moisture Content (Moisture, Percentage of Moisture).—The moisture 
present in a textile material expressed as a percentage of the 

original weight as determined by definite prescribed methods. 

Moisture-Free Weight—The weight of a textile material determined 
after drying to constant weight by definite prescribed methods. 

Moisture Regain.—The moisture present in a textile material expressed 
as a percentage of the moisture-free weight, as determined by 
definite prescribed methods. 

Natal Hemp.—Under Fibers, Vegetable, see Piteira. 

Neatness (Raw Silk).—An expression of the degree of freedom of the 
raw silk thread from loops, nibs, and hairiness as defined. 
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New Zealand Flax.—Under Fibers, Vegetable, see Phormium. 
Nibs (Raw Silk).—Small thickened places less than 3 mm. (¢ in.) 


in length. 
Nitrocellulose Rayon.—See Fibers, Artificial. ee 


Number of Yarn.—See Yarn Number. 

Of-Square.—The difference between the percentage of warp crimp 
and the percentage of filling crimp. 

Organzine Yarn.—Two or more raw silk strands twisted in the singles 
doubled and twisted in the reverse direction in the ply. Turns 
per inch in the singles and ply usually within the limits of 10 to 
20 turns; generally used as warp. 

Palma.—See Fibers, Vegetable. 

Philippine Maguey.—Under Fibers, Vegetable, see Cantala. 

Phormium.—See Fibers, Vegetable. 

Pick.—An individual filling yarn. 

Pile-—The raised portion of the fabric which masks the other yarns 
and forms the wearing surface of the pile fabrics and pile floor 
coverings. 

Pile Fabric.—A fabric the surface of which is formed by loops or tufts 
(cut loops) of the pile yarn. 

Pile Yarn.—The yarn of which the pile is formed. 

Pitch (Pile Floor Coverings).—The number of pile ends per inch of 
width. 

Piteira.—See Fibers, Vegetable. 

Plain Weave.—A fabric pattern in which each yarn of the filling passes 
alternately over and under a yarn of warp and each yarn of the 
warp passes alternately over and under a yarn of the filling. 

Pulled Wool.—See Wool, Pulled. 

Ramie.—See Fibers, Vegetable. 

Raw Silk.—Silk as it has been reeled from ee cocoon. 

Rayon.—A generic term for filaments made from various solutions of 

- modified cellulose by pressing or drawing the cellulose solution 
_ through an orifice, and solidifying it in the form of a filament. 


Note.—Rayon as commercially manufactured is produced by four different 
processes. The resulting rayons from each process while similar in appearance 
differ amongst themselves and with each other to a more or less degree according to 
the differences in their physical and chemical properties. The different type rayons 
are known as follows: 

(a) Nitrocellulose Rayon (Chardonnet) 
(b) Viscose Rayon 

(c) Cuprammonium Rayon 
(d) Cellulose-Acetate Rayon 
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Reed Marks.—Marks or lines warpwise of the cloth, usually caused by 
too many or too few warp yarns being drawn into a dent, a faulty 
setting of the loom, or imperfections in the reed. = 

Regain.—See Moisture Regain. 

Reinforced Asbestos Roving.—See Asbestos Roving. . 

Rows (Pile Floor Coverings).—The number of rows of tufts per inch 
in the direction of the warp. ———e 

Run (Woolen).—See Yarn Number (Woolen Run). 

Russian Hemp.—Under Fibers, Vegetable, see Hemp. — 

Sewed Yarn.—A yarn in the fabric interwoven by hand. 

Shoe-Fold.—The fabric is folded from both ends into twelve or sixteen 
folds to the piece, the length of the fold depending upon the 
length of the piece. 

Shot (Pile Floor Coverings).—The number of filling yarns per row 
of tufts. 

Shrinkage.—The loss of weight or dimension in any given process. _ 

Sisal.—See Fibers, Vegetable. 

Size—See Yarn Number. 

Slub.—See Slug (General). 

Slug (Raw Silk).—A thickened place several times the diameter of the 

thread, 3 mm. (¢ in.) or over in length. 

Long or Large Slug (Raw Silk).—A slug which exceeds 1 cm. (4 in.) 
in length or which is very much larger in diameter than 
the thread. 

(General).—An abruptly thickened place in the yarn or a bunch 

of lint entangled in the yarn, cord, or fabric. 

Smash.—A place in the fabric where a number of warp yarns or 
cords have been broken, usually due to the shuttle getting caught 
in the shed during weaving, or to faulty harness motion. 

Spun Rayon.—Yarn made from cut rayon filaments, the cut filaments 
being twisted and drawn out into a yarn by usual spinning 
processes. 

Spun Silk.—Silk yarn consisting of short filaments obtained from 
silk wastes spun in a similar manner to worsted yarn. 

Standard Atmosphere (Textiles).—Air maintained at a relative humidity 
of 65 per cent at 70 F. 

Standard Moisture Regain.—An arbitrary figure formally adopted for 

the regain of any specific textile material to be used in calculating 

the standard weights of shipments or deliveries of textiles. 
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ed by Standard Weight.—The moisture-free weight of a textile material plus 
the weight corresponding to its standard moisture regain. 


Suint (Wool).—Excretions from the sweat glands of the sheep, — 
principally potash salts. 


Sunn.—See Fibers, Vegetable. 
inch Tampico Fiber.—Under Fibers, Vegetable, see Istle. 
Thick and Thin Places (Major Defects) —Places in the fabric where 
for 1 in. or more the count varies more than a specified percentage 
7 from the specified count. 
(Minor Defects).—Places in the fabric where for less than 1 in. the 


count varies more than a specified percentage from the specified 


teen count. 

the Thread (Silk).—The ply of yarns is sometimes referred to as the 
number of thread, as 2 thread for a 2 ply. 

row Thrown Silk.—Raw silk that has been twisted, or doubled and twisted. 

Tientsin Jute-—Under Fibers, Vegetable, see Chingma. 

Tire Builder Fabric.—A fabric consisting of hawser cord yarn in the 3 
warp with single yarn filling at intervals to keep the warp threads 

together. 
; Tossa Jute.—Under Fibers, Vegetable, see Jute. 

he Tram Yarn (Silk).—Raw silk threads doubled and twisted with a low 
number of turns per inch, generally used as filling. 

1.) Tula Istle—Under Fibers, Vegetable, see Istle. 7 

an Twill Weave-——A weave which produces pronounced lines running — 
diagonally across the fabric. 

*h Warp Face Twill.—A twill weave in which the warp threads 

ms produce the diagonal effect. 
r Twine (Not Binder Twine).—A cord made up of two or more yarns 
t of medium twist with ply twist in the opposite direction. 
Twist, Direction of —A yarn or cord has § twist if, when held in a 

; vertical position, the spirals conform in slope to the central 

portion of the letter ‘‘S,” and Z twist if the spirals conform in as, 
slope to the content portion of the letter “Z.” 


at 77 
Z 
a Ro 
N 
IS 
S 
Twist "7" Twist 
— 


1258 TENTATIVE DEFINITIONS RELATING TO TEXTILE MATERIALS 


Typp.—A method of yarn numbering. The number of thousands of 


yards per pound. 
Viscose Rayon.—See Fibers, Artificial. 
Waste: 

(Card).—Short fluffy waste thrown out of the carding machine. y. 


(Hard).—Waste from reeling, warping, winding, weaving, and 
cop bottoms. 

(Lap).—Waste of long fibers, formed in drawing and spinning 
processes by the breaking of the ends between the front 
rollers and the bobbins. ‘This may be re-processed. . y 

_ (Soft).—Waste from slubbing, roving, and wool tops. 

(Spinners).—Broken and tangled threads and lengths of yarn left 
on bobbins and spinning machinery in the manufacture 
of yarn. 

(Thread).—The waste left on bobbins or collected during spinning 
and weaving. 

(Thrum).—The threads of woven out warps cut from warp beams. 
This waste is often tightly twisted and must be reworked 
before it can be used again. 

(Sweeping).—The sweeping from the floors of the various rooms 
in the mill. This is usually of a short and fluffy character. 

(Bur-Wool).—The waste removed by the bur guards of cards or 

bur pickers having a very short fiber and full of burs or seeds. 
_ It naturally varies according to the wool from which the 
burs are taken. 

Webbing, Elastic.—A strong narrow fabric made with rubber threads 
as part of warp or filling or of both. 

Wool, Combing.—Wool that is strong and strictly of combing length, 
the lengths differing for the different grades as follows: Fine 50 
mm. (2 in.) or more; half blood 56 mm(2} in.) or more; three- 
eighths blood 62 mm. (2} in.) or more; quarter blood 68 mm. 
23 in.) or more; low quarter blood 75 mm. (3 in.) or more. Wools 
of the grades common and braid, when normally grown for a 

_ period of one year, are always of combing lengths. 

Wool, Grease-—Wool as it comes from the living sheep, not washed or 
scoured. 

Wool, Pulled—Wool taken from the skin of slaughtered sheep’s pelt 
by slipping, sweating or the use of depilatory. 

Wool (Yarn Number).—See Yarn Number (Woolen and Worsted). 

W oolen.—Yarn spun from wool fibers which have been carded but not 

combed or gilled. Cloth woven from this yarn. 
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Wrong Draw.—A defect in a fabric due to the warp and filling not 
interlacing in accordance with the prescribed weave or design and 
caused when one or more warp yarns have been drawn through the 
wrong harness. 

Yarn.—An assemblage of fibers or filaments of animal, mineral, or 
vegetable origin, alone or in combination, either natural or 
manufactured, twisted or laid together to form a strand or group 
of strands for use in weaving, knitting, or forming in any manner 
into textile materials. 

Yarn Number (Asbestos).—See Cut (Asbestos). 

(Cotton).—The number of 840-yd. hanks (cotton system) or the 
number of thousands of yards (Typp System) contained in 1-lb. 
avoirdupois (7000 grains) of the yarn at standard conditions. 
The number of folded or plied yarns is that of the single yarn 
from which they are spun. 

(Jute).—The weight in pounds of a spindle of 14,400 yd. of yarn 
at standard conditions expressed as ‘‘pounds per spindle.” 

(Linen).—The number of 300-yd. hanks contained in 1 lb. avoir- 
dupois (7000 grains) of the yarn at standard conditions. ‘The 
number of folded or plied yarns is that of the single yarn from 
which they are spun. Also known as “lea.” 

(Raw Silk).—See Denier. 

(Rayon).—See Denier. 

(Spun Rayon).—The number of 840-yd. hanks contained in 1 lb. | 
avoirdupois (7000 grains) of the yarn at standard conditions. 
The number of folded or plied yarns is that of the single yarn 
from which they are spun. 

(Spun Silk).—The number of 840-yd. hanks contained in 1 lb. 
avoirdupois (7000 grains) of the yarn at standard conditions. — 
The number of folded or plied yarns is that of the finished yarn. 

(Woolen—Cut).—The number of 300-yd. ‘‘cuts” or hanks in 1 Ib. 
avoirdupois (7000 grains) of the yarn at standard conditions. 

(Woolen—Run).—The number of 1600-yd. hanks in 1 Ib. avoirdu- 
pois (7000 grains) of the yarn at standard conditions. . 

(Woolen and Worsted—Typp System).—-The number of a woolen ~ 
or worsted yarn shall be the number of thousands of yards per 
pound. 

(Worsted).—The number of 560-yd. hanks in 1 lb. avoirdupois — 
(7000 grains) of the yarn at standard conditions. The number 
of folded or plied yarns is that of the single yarn from which 
they are spun. 

Varn Size.-—See Yarn Number. 
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TENTATIVE SPECIFICATIONS 
‘ 
FOR 
CAUSTIC SODA! 
A.S.T.M. Designation: D 456-37 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


a 


annual revision. Suggestions for revision should be addressed to the Headquarters of the annu 
Society, 260 S. Broad St., Philadelphia, Pa. Socie 
Scope Scoy 
1. These specifications cover material suitable for various washing, 
cleaning and scouring processes, with or without soap as conditions de- clec 
mand, and where a strongly alkaline material is desired. ma: 
Caustic Soda Mo 
2. Caustic soda shall be furnished in air-tight containers in flake, 
_ coarsely powdered or solid form as specified by the purchaser. por 
Cal 
Chemical Composition 
3. Caustic soda, as received, shall conform to the following require- 
ments as to chemical composition? Ct 
Total alkalinity as Na,O, min., per 
Sodium hydroxide (NaOH), min., per cent............cceeeceeeceees 96 (0 
a 
, 1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-12 on Soaps and Detergents. . 
2 Until standard methods are available, reference may be made to the Pro d Methods of Chemical 
Analysis of Special Detergents which are under consideration by Committee Del2 on Soaps and Deter- 
gents and have been printed as information in Appendix II to the 1937 report of the committee, see p. 477. 
A 
a 
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TENTATIVE SPECIFICATIONS 
FOR 
MODIFIED SODA (SESQUICARBONATE TYPE)! 
A.S.T.M. Designation: D 457 —- 37 T _ 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. —_—s* 


Scope 

1. These specifications cover material suitable for various washing, 
cleaning and scouring processes, with or without soap as conditions de- 
mand, and where a mildly alkaline material is desired. 


Modified Soda 


2. Modified soda (sesquicarbonate type) shall be a white, uniform 
powder or crystal, as specified by the purchaser, composed of sodium 


carbonate and sodium bicarbonate. 
Note.—This product is commonly known as laundry soda. oe 
Chemical Composition 


3. Modified soda (sesquicarbonate type), as received, shall conform 
to the following requirements as to chemical composition: . _— 


MINIMUM MAXIMUM } 
Total alkalinity as Na,O, per cent................06. 39 43 
Sodium bicarbonate (NaHCOs), per cent............. 35 50 
Sodium carbonate (NazCOs), per cent..............-. 35 50 
Matter insoluble in water, per 0.1 


_} Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-12 on Soaps and Detergents. 

*Until standard methods are available, reference may be made to the Proposed Methods of Chemical 
Analysis of Special Detergents which are under consideration by Committee D-12 on Soaps and Detergents 
and have been printed as information in Appendix II to the 1937 report of the committee, see p. 477. 
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TENTATIVE SPECIFICATIONS 
FOR 
SODA 


A.S.T.M. Designation: D 458 - 37 T 

This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 


Scope 
1. These specifications cover material suitable for various washing, 
cleaning and scouring processes, with or without soap as conditions de- 
mand, and where a moderately strong alkaline material is desired. 


Soda Ash 


2. Soda ash shall be a high-grade anhydrous sodium carbonate in 
powdered form and shall be of the type specified by the purchaser. 


Note.—These specifications cover the 58 per cent grade of soda ash (Na,0). 


Chemical Composition 


3. Soda ash, after drying for 1 hr. at 155 C., shall conform to the 
following requirements as to chemical composition 2 


Total alkalinity as Na,COs;, min., per cent..............eeeeeeeeeee 99.16 
Sodium hydroxide (NaOH), max., per cent.............2eeeeeeeeee 0.1 
Sodium bicarbonate (NaHCO;), max., per 0.5 
Matter insoluble in water, max., per cent..............0eeeeeeeeees 0.25 


Loss on Heating 


4. (a) At the place of manufacture, the loss in weight on heating 2 g. 
of the material at 150 to 155 C. for 1 hr. shall not exceed 1 per cent. 

(b) When the sample is taken at other than the place of manufacture, 
it shall be recognized that the soda ash is hygroscopic. Hence from the 
percentage loss in weight on heating, there shall be deducted the percent- 
age gain in net weight of the package as sampled over the net shipping 
weight, to arrive at the percentage loss in weight on heating at the place 
of manufacture. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T .M. Committee D-12 on Soaps and Detergents. . 

*Until standard methods are available, reference may be made to the Proposed Methods of Chemica! 
Analysis of Special Detergents which are under consideration by Committee D-12 on Soaps and Detergents an 
have been printed as information in Appendix II to the 1937 report of the committee, see p. 477. 
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_ SPECIFICATIONS FOR Sopa AsH (D 458-37 T) | 


Types 
5. Types of soda ash shall be designated as follows on the basis of the 
density as received: 
APPARENT VOLUME OF 30 G., APPARENT DENSITY, 


ML. LB. PER CU. FT. 
Max. _ MIN. Max. 
Light (Type A) 29 37 


Extra-light (Type B) 20 25 
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TENTATIVE SPECIFICATIONS 
FOR 


MILLED TOILET SOAP! 


A.S.T.M. Designation: D 455 - 37 T 


This is a Tentative Standard and under the Regulations of the Society is subject t, 
annual revision. Suggestions for revision should be addressed to the Headquarters of th 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 
Scope 
1. These specifications cover milled toilet soap. 
General Requirements 
2. Milled toilet soap shall be a high-grade, milled cake soap, either 
colored or uncolored, mildly perfumed unless otherwise specified, as free 
as possible from water, thoroughly saponified, and well compressed in 


firm, smooth cakes of a size and shape specified in the contract. It should 
lather freely when used with cold, soft water. 


Chemical Composition 

3. Milled toilet soap shall conform to the following requirements as 
to chemical composition. The percentage of matter volatile at 105 C. 
shall be calculated on the basis of the soap as received, but all other con- 
stituents shall be calculated on the basis of material containing 15 per 
cent of matter volatile at 105 C. 


Moisture and matter volatile at 105 C., max., per cent............ccceceeeccceees 15¢ 
Sum of free alkali, total matter insoluble in alcohol and sodium chloride, max., percent 1.7 
Free alkali, calculated as NaOH, max., per cent 0.1 


Unsaponified saponifiable matter (free fat), max., per cent..............0ceceeeeee 0.3 


* Deliveries which yield more than 15 per cent volatile matter will be rejected without further test. 


Basis of Purchase 


4. Milled toilet soap is subject to a possible gain or loss of weight, 
depending on atmospheric or storage conditions, or both, or on packaging, 
as a result of fluctuation in the moisture content. Changes in the moisture 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-12 on Soaps and Detergents. 
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content result in a corresponding change in the percentage of total solids 
or anhydrous soap, or both. 

(a) The material shall be purchased by net weight provided the matter 
volatile at 105 C. is neither above nor below 15 per cent. 

(b) Deliveries containing more than 15 per cent of matter volatile at 
105 C. shall be rejected without further test. 

(c) On deliveries containing less than 15 per cent of matter volatile 
at 105 C. settlement shall be made on the basis of a product containing 
15 per cent moisture, that is, 0.85 lb. of non-volatile matter shall be con- 
sidered 1 lb. of soap. 

When the material conforms to the specifications on a calculated 15 
per cent moisture and volatile matter basis the net weight of the material 
to be paid for shall be calculated as follows: 
Net weight of material to a se 

be paid for on 15 per 


ent moisture and vol- = 
atile matter basis 


Net weight as received x (100 — percentage of loss at 105 C.) 
85 


In the event that the above calculation results in a figure greater than 
100 per cent due to low moisture content at the time of cutting, weighing 
and packing, the seller waives the right to invoice the purchaser for any 
amount in excess of 100 per cent. a 
Method of Sampling and Testing 

5. The material shall be sampled and analysed in accordance with the 
Tentative Methods of Sampling and Chemical Analysis of Soaps and Soap 
Products (A.S.T.M. Designation: D 460-37 T) of the American Society 
for Testing Materials.'_ The purchaser reserves the right to use any addi- 
tional available information to ascertain whether the material conforms 


to the specifications. — 
1See p. 1266. 
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TENTATIVE METHODS OF SAMPLING AND CHEMICAL 
ANALYSIS OF SOAPS AND SOAP PRODUCTS! 


A.S.T.M. Designation: D 460 — 37 T 


_ This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1937. 


1. (a) These methods describe procedures for the sampling and chem- 
ical analysis of cake, powdered, flake, liquid, and paste soaps, and soap 
products. 
(b) The procedures for sampling and the analytical methods for soaps 
and soap products appear in the following order: 


SECTION 
Cake Soaps, Flake and Powdered Soap Products 
when Packed in Cans or Cartons ...............2. 3 
Sampling { Flake and Powdered Soap Products when in Bulk..... 4 
6 
Stites { Method A. Matter Volatile at 105 C. (Oven Method). 10 
Method B. Distillation Method .................... 11 to 13 
Total Matter Insoluble in Alcohol .................2cccceeeees 14 and 15 
16 
Total Alkalinity of Matter Insoluble in Alcohol, Alkaline Salts... . 18 
Combined Alkali, Total Anhydrous Soap.................00000 19 
Unsaponified plus Unsaponifiable Matter ..................0005 22 to 24 
29 
Preparation of Total Fatty Matter, Fatty and Rosin Acids, 
Silica Present as Alkaline Silicates ...........ccccccccccccccecs 37 
41 to 43 
Glycerol in the Absence of Sugar .... 45 and 46 
Glycerol, Sugar and Starch | Glycerol in the Presence of Sugars.. . 47 
49 and 50 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
A.S.T.M. Committee D-12 on Soaps and Detergents. 
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NALYSIS OF SoAPs (D 460 - 37 T) 


CHEMICAL A 


SAMPLING 


2. The seller shall have the option of being represented at the time of 
sampling and when he so requests shall be furnished with a duplicate 


sample. 


Cake Soaps, Flake, and Powdered Soap Products when Packed in Cans or Cartons 

3. One cake (can or carton) shall be taken at random from not less 
than 1 per cent of the seller’s shipping containers, provided each package 
contains not less than 50 Ib. (22.7 kg.). In the case of smaller containers, 
a cake (can or carton) shall be taken at random from each lot of containers 
totaling not more than 5000 lb. (2270 kg.), or fraction thereof. The gross 
sample shall in all cases consist of not less than three cakes (cans or cartons) 
taken at random from separate containers. In the case of very large lots 
where the sample drawn as above will amount to more than 20 lb. (9 kg.), 
the percentage of packages sampled shall be reduced so that the amount 
drawn shall not exceed 20 lb. (9 kg.). The individual cakes (cans or cartons) 
shall be tightly wrapped at once in paraffined paper and sealed by rubbing 
the edges with a heated iron. The inspector shall accurately weigh each 
wrapped cake (can or carton), and record its weight and the date of weigh- 
ing on the wrapper. The wrapped cakes (cans or cartons) shall be placed 
in an air-tight container, which should be nearly filled, and which shall 
then be sealed, marked, and sent to the laboratory for test. Samples 
shall be kept cool until tested. 
Flake and Powdered Soap Products when in Bulk : | 

4. A grab sample of not less than 0.5 lb. (227 g.) shall be taken at 
random from not less than 1 per cent of the seller’s shipping containers, 
provided each package contains not less than 100 lb. (45 kg.). In the case 
of smaller containers, a grab sample of not less than 0.5 lb. (227 g.) shall be 
taken at random from each lot of containers totaling not more than 10,000 
lb. (4540 kg.), or fraction thereof. The gross sample shall in all cases 
consist of not less than three grab samples of 0.5 lb. (227 g.) each taken at 
random from separate containers. In the case of very large lots where the 
sample drawn as above will amount to more than 20 lb. (9 kg.), the per- 
centage of packages sampled shall be reduced so that the amount drawn 
shall not exceed 20 lb. (9 kg.). The inspector shall rapidly mix the gross 
sample, place it in an air-tight container, which shall be filled, sealed, 
marked, accurately weighed, its weight and the date of weighing recorded 
on the package, and sent to the laboratory for test. Samples shall be 
kept cool until tested. 


Liquid Soap 
5. A sample of not less than 0.5 pt. (236.6 ml.) shall be taken at random - 
from not less than 1 per cent of the seller’s shipping containers, provided 
81 
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each package contains not less than 10 gal. (almost 38 liters). In the cay 
of smaller containers, a sample of not less than 0.5 pt. (236.6 ml.) shall } 7. 
taken at random from each lot of containers totaling not more than 10¢ 


gal. (37,853 liters), or fraction thereof. The gross sample shall in all case; pal 
consist of not less than three samples of 0.5 pt. (236.6 ml.) each taken at cake of 


random from separate containers. Before drawing the sample from the and shi 
container selected, the contents of the container shall be thoroughly agitated. § \jx th 
The inspector shall thoroughly mix the gross sample, place it in clean, dry aie 
cans or bottles, which shall be completely filled and securely stoppered wit] ( 


clean corks or caps, then sealed, marked, and sent to the laboratory for test sample 
Paste Soap Products 1 Ib. ( 
6. (a) When Packed in Cans.or Cartons of 5 lb. (2.27 kg.) or Less- waa 
One can or carton shall be taken at random from not less than 1 per cent § Pam 
of the seller’s shipping containers, provided each package contains not les J h 
than 50 lb. (22.7 kg.). In the case of smaller containers, a can or carton = 
shall be taken at random from each lot of containers totaling not more than xa 
5000 lb. (2270 kg.), or fraction thereof. The gross sample shall in all cases 
consist of not less than three cans or cartons taken at random from separat eas 
containers. In the case of very large lots where the sample drawn as pe 
above will amount to more than 20 lb. (9 kg.), the percentage of packages sled 
sampled shall be reduced so that the amount drawn shall not exceed 20 |b 
(9 kg.). The samples shall be wrapped, sealed, marked, and sent to the 
laboratory for test. Duplic 
(b) When Packed in Bulk.—-A “trier” sample! of not less than 0.5 lb 
(227 g.) shall be taken at random from not less than 1 per cent of the | #4 
seller’s shipping containers, provided each package contains not less than 
50 lb. (22.7 kg.). In the case of smaller containers, a ‘‘trier’’ sample 
of not less than 0.5 lb. (227 g.) shall be taken at random from each lot of | 
containers totaling not more than 5000 lb. (2270 kg.), or fraction thereof. to al 
The gross sample shall in all cases consist of not less than three 0.5-lb. resul 
Benhc samples, each taken at random from separate containers. With shi 
very large lots where the sample drawn as above will amount to more than dist 
10 lb. (4.5 kg.), the percentage of packages sampled shall be reduced 90 
that the amount drawn shall not exceed 10 Ib. (4.5 kg.). The inspector ~— 
shall promptly place the gross sample in a clean, dry, air-tight and water- eithe 
tight container, which shall be filled, sealed, marked, and sent to the lab- Hon 
oratory for test. 
, . 'A trier sample is obtained by inserting a “trier” into the material. A trier is a half-round steel cylinder 
% to { in. in diameter, 6 to 36 in. in length, pointed on one end and having a grip handle on the other end. Proc 
After insertion, the trier is turned two or three times and upon removal a core of the material being sam 
be obtained. 


at 

wei; 


Cuemicat ANALysis OF Soaps (D 460-37 T) 1269 


PREPARATION OF SAMPLES 


7. (a) Cake Soap. -In the case of samples of cake soap that can be 
asily disintegrated and mixed, run the entire sample through a suitable 
chopper. With samples that cannot be handled in this manner, select a 
cake of average weight, quarter it by cutting at right angles in the center, 
and shave equally from all freshly cut surfaces sufficient soap for analysis. 

\ix the sample and weigh at once all portions for analysis, preserving the 
remainder in an air-tight container in a cool place. 

(b) Powdered and Chip Soaps.—Rapidly disintegrate and mix the 
sample of powdered, flake or chip soap; if desired, quarter down to about 
| Ib. (453.6 g.). Weigh at once all portions for analysis, preserving the 
remainder in an air-tight container in a cool place. 

(c) Liquid Soap.—No preparation of the sample of liquid soap, other 
than a thorough mixing, is necessary unless it is received during very cold 
weather, when it should be allowed to stand at least 1 hr. after it has 
warmed up to room temperature (20 to 30 C.) before it is tested, particularly 
for its lathering qualities. 

(d) Paste Soap Products.-Mix the sample of paste soap products _ 
thoroughly by kneading and quarter down to about 1 Ib. (453.6 g.). Weigh 
at once all portions for analysis, preserving the remainder in an air-tight 
container in a cool place. 

METHODS OF CHEMICAL ANALYSIS : 
Duplicate Tests 

8. When a determination shows nonconformity with the specifications — 

a duplicate test shall be made. 


MOISTURE 

9. The oven method described in Section 10 is generally applicable 
to all soaps, but certain exceptions to this method must be made if accurate 
results are desired. ‘These exceptions include the following: 

(a) For soaps containing appreciable amounts of sodium silicate, the 
distillation method (Sections 11 to 13) is preferred. 

(b) Soaps of linseed and other oxidizing oils absorb oxygen and if the 
oven method is used may gain weight near the end of the test. Therefore, 
either an inert atmosphere or vacuum oven should be used. The distilla- 
tion method is also applicable to these types of soap. 


Method A. Matter Volatile at 105 C. (Oven Method) 


Procedure 


10. Weigh 5 g. +0.01 g. of the sample in a porcelain or glass dish about 
6 to 8 cm. in diameter and about 2 to 4 cm. in depth, and dry to constant 
weight in an air oven at a temperature of 105 C. +2 C. 
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Method B. Distillation Method 


11. The distillation apparatus! consists of the following: a 500-m) 


flask of either the short-neck, round-bottom type or the Erlenmeyer typ, 
a Liebig condenser, 19 in. in length, and a receiving tube or trap graduated 
in 0.1 ml., in sizes ranging from 5 ml. to 10 ml. in capacity. The trap ha 
a side arm intake which connects to the 500-ml. flask. The traps may be 
procured as separate units, or as an integral part of a specialized apparatus 
fitted together with ground glass joints. A 5-ml. trap is required for this 
test. A satisfactory assembly of the apparatus is illustrated in Fig. 1. 


Fic. 1.—Assembly of Distillation Apparatus. | 


Special Solutions Required a 


12. Xylol.—Saturate the xylol with water by shaking with a small 
quantity of water and distill. Use the distillate for the determination. 


Procedure 


: 13. For soaps containing from 5 to 25 per cent moisture and volatile 
eater use 20 g. + 0.04 g. of the sample. For soaps containing more than 


! The Bidwell-Sterling, and the Stark and Dean apparatus have been found satisfactory for this purpose. 
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25 per cent moisture and volatile matter use 10 g. + 0.02 g. of the sample. 
Carefully transfer the weighed sample to the 500-ml. flask. Add approx- 
imately 10 g. of anhydrous, fused sodium acetate to prevent violent frothing, 
and then follow with 100 ml. of xylol which has been saturated with water. 
Attach the flask to a 5 to 6-ml. distilling tube receiver, calibrated at 25 C., 
which is connected to a 48-cm. reflux condenser (19-in. Liebig condenser). 
Prior to starting the determination, fill the receiver with saturated xylol 
by pouring in through the reflux condenser. 

So that the refluxing will be under better control, wrap the flask and 
tube leading to the receiver with asbestos cloth. Apply heat to the flask 
by means of a gas burner or an electric heater and distill slowly. The rate 
at the start should be approximately 100 drops per minute. When the 
greater part of the water has distilled over, increase the distillation rate 
to 200 drops per minute until no more water is collected. Purge the reflux 
condenser during the distillation with 5-ml. portions of xylol to wash down 
any moisture adhering to the walls of the condenser. ‘The water in the 
receiver may be made to separate from the xylol by using a spiral copper 
wire. Move the wire up and down in the condenser occasionally, thus 
causing the water to settle at the bottom of the receiver. Reflux for at 
least 2 hr., and shut off the heat at the end of this period. Adjust the 
temperature of the distillate to 25 C. Read the volume of water and 
calculate the percentage of moisture in the soap, as follows: 


Volume in milliliters at 25 C. x 0.997 100 
Weight of sample in grams 


Torat MATTER INSOLUBLE IN ALCOHOL, AND FREE ALKALI OR FREE ACID 


Matter Insoluble in Alcohol a 


14. Ethyl Alcohol (94 per cent).—F¥reshly boiled ethyl alcohol, 94 per 
cent or higher, and neutral to phenolphthalein. 


Procedure 


15. Digest 2 to 10 g. = 0.01 g. of the sample with 200 ml. of freshly 
boiled ethyl alcohol in a covered vessel on a steam bath until the soap is 
dissolved. Filter through a counterpoised filter paper, neutral to phenol- 
phthalein, or through a weighed Gooch crucible with suction, protecting 
the solution from carbon dioxide and other acid fumes during the operation 
by covering with a watch glass. Wash the residue on the paper, or in the 
crucible, with hot neutral alcohol until free from soap and reserve the filtrate 
and washings. Dry the filter paper or crucible with the residue at 100 to 
105 C. for 3 hr., cool, and weigh the total matter insoluble in alcohol. 
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Note.—The matter insoluble in alcohol will contain most of the alkaline salts, sw 
carbonates, borates, silicates, phosphates, and sulfates, as well as starch, and may be 
for the approximate determination of these constituents. These salts are not ent 
insoluble in alcohol, so for accurate determinations separate portions of the soap shou 
used. For determination of carbonates, see Sections 38 to 40; phosphates, Sections 41 t 
sulfates, Section 44; silicates, Section 37; borax, Sections 35 and 36; and starch, Sectio 


_ Free Alkali or Free Acid 
Procedure 


16. Heat the reserved filtrate (Section 15) to incipient boiling a1 
titrate with standard acid or alkali solution using phenolphthalein 
indicator, and calculate to sodium hydroxide (or potassium hydroxid 
alkaline, or to oleic acid, if acid. 


MATTER INSOLUBLE IN WATER- 
Procedure 


17. Proceed as in the determination of matter insoluble in alcohi 
(Section 15). After filtering and thoroughly washing the residuc, chang 
the receivers and extract the residue with water at 60 C. and wash thi 
filter thoroughly. (When the matter insoluble is all inorganic, boiling 
water may be used for the extraction and washing.) Reserve the water 
solution. Dry the filter and residue at 100 to 105 C. for 3 hr., cool, and 
weigh the matter insoluble in water. The nature of this matter may be 
determined by further examination. Be 


ToraL ALKALINITY OF MATTER INSOLUBLE IN ALCOHOL, ALKALINE SALTS 


Procedure 


18. ‘Titrate the water solution obtained in the determination of matter 
insoluble in water (Section 17) with standard acid, using methyl orange as 
indicator. Calculate the alkalinity to sodium oxide (Na,O), and, if desired, 
to any other basis agreed upon by the purchaser and the seller. 


COMBINED ALKALI, ToTAL ANHYDROUS SOAP 
Procedure 


19. (a) Dissolve 5 to 10 g. + 0.01 g. of the sample, depending upon 

the anhydrous soap content, in 100 ml. of water in a 250-ml. Erlenmeyer 
flask. When the solution is complete, add diluted H.SO, in slight excess, 

insert a small funnel in the neck of the flask, and heat the flask to a temper- 

ature not exceeding 60 C. until the fatty acids separate as a clear layer. 
Transfer to a separatory funnel, draw off the acid layer into a second sep- 
aratory funnel, and shake the acid aqueous liquid with two 20-ml. portions 

of ethyl ether. Dissolve the fatty acids in the ether used for washing the 

- aqueous liquid and shake with 10-ml. portions of water until they are no 
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nger acid to methyl orange. Unite the water portions used for washing 
d shake with 20 ml. of ether. Wash this ether until the wash water is 
itral to methyl orange. Reserve the acid water for the determination 
{ chlorides (Sections 20 and 21). 

(b) Unite the ether solutions (if necessary, filter, washing the paper 
with ether) in a suitable weighed vessel, add 100 ml. of neutral alcohol 

from carbon dioxide, add phenolphthalein, and titrate to exact neutral- 
ty with standard 0.5 N NaOH solution. Evaporate the alcohol, dry to 

stant weight as in the determination of matter volatile at 105 C. (Section 
and calculate the percentage of soda soap. ‘This naturally includes 
any mineral oil and neutral fat which, if determined separately, must be 
deducted from the result to obtain the true soap. Calculate the combined 
sodium oxide (NasO) and deduct from the weight of soda soap to give the 
acid anhydrides. If the original soap was potash soap, proper calculation 
must be made to reduce to potassium oxide (K,O), or the titration made 
directly with standard 0.5 N KOH solution. In case the soap shows an 
excess of free acid, proper corrections must be made in calculating the 
ombined alkali in the original soap. (A blank test should be made on the 
NaOH or KOH solution for neutral salts and the proper corrections made 
if necessary.) 

(c) In the case of soaps containing a large amount of soluble silicates, 
and soap products containing a high percentage of finely divided material 
insoluble in water, the foregoing procedure cannot be applied as given. 
In such cases the filtrate obtained in the determination of total matter 
insoluble in alcohol (Section 15) may be used after neutralizing any free 
acid or alkali. Evaporate the alcohol on a steam bath, take up with water, 
and proceed according to the procedure given in Paragraphs (a) and (0). 

(d) In the case of soap products containing a high percentage of matter 
insoluble in alcohol where approximate results will suffice, such as cleansers, 
soap powders, scouring compounds, pastes, etc.; and where agreed upon 
by the purchaser and the seller, the alcoholic solution, obtained after 
filtering off and washing the matter insoluble in alcohol (Section 15), may 
be evaporated directly in a weighed vessel, dried at 105 C. to constant 
weight and the result reported as soap. 


: 
Special Solutions Required 


20. (a) Silver Nitrate Solution (0.1 N). 
(b) Potassium Chromate Indicator.—Dissolve 5 g. of potassium chro-. 
mate in water and add solution of silver nitrate until a slight red precipitate 


is produced, filter the solution, and dilute to 100 ml. - a 
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Procedure 


21. (a) Neutralize with chloride-free alkali the acid water obtained iy 
the determination of combined alkali (Section 19). Titrate with standard 
silver nitrate solution, using potassium chromate as indicator and calculate 
the result to NaCl or KCl as the character of the soap indicates. 

(b) In case the total anhydrous soap is not to be determined, it wil] 
be more convenient to use the following method: Dissolve 5 g. + 0.01 g. 
of the sample in 300 ml. of water, boiling if necessary to effect solution, 
Add an excess of neutral, chloride-free magnesium nitrate solution (about 
25 ml. of a 20 per cent Mg(NOs)2-6H,O solution). Without cooling or 
filtering, titrate with standard silver nitrate solution, using potassium 
chromate as indicator. One milliliter of the 0.1 N AgNO; solution is equiv. 
alent to 0.00585 g. of NaCl. 


UNSAPONIFIED PLUS UNSAPONIFIABLE MATTER 

Apparatus 

22. Extraction Cylinder.—The extraction cylinder shall be a 250-ml. 
graduated glass- -stoppered cylinder about 35 mm. (1.375 in.) in diameter 
and 30 cm. (12 in.) in length. 

Special Solutions Required 

23. (a) Ethyl Alcohol (50 per cent). 7 

(b) Ethyl Alcohol (95 per cent). 

(c) Ethyl Alcohol (10 per cent). _ 
(d) Sodium Hydroxide Solution (0.1 N). 

(e) Sodium Hydroxide Solution (0.04 N). 

(f) Petroleum Ether—The solvent used shall be of the pentane type, 


containing a minimum amount of isopentane, isohexane and hexane, con- 
forming to the following requirements: 


Distillation Test: 


initial Dolling point. not less than 35 C. nor more than 40 C. 
gO or ree not less than 50 C. nor more than 60 C. 
not less than 95 per cent 
EN rere not more than 85 per cent 
Specific gravity at 15.5/15.5 C. (60/60 F.)............ cececccccece 0.630 to 0.675 
not over 0.002 per cent by weight 


Copper-strip corrosion test 


Unsaturated compounds 


Procedure 


24. (a) Weigh 5 g. + 0.2 g. of the sample and place it in a 250-ml. 
Erlenmeyer flask or beaker which contains approximately 0.1 g. of bicar- 
bonate of soda, and dissolve in 100 ml. of redistilled 50 per cent ethyl 
alcohol. Warm and shake to effect solution, keeping the temperature 
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under 60 C., and filter off any undissolved residue on a Gooch crucible with 
ed in § an asbestos pad or in a funnel, using an asbestos pad deposited on a per- 
dard § forated porcelain disk. Wash three times with hot 50 per cent alcohol. 
ulate # Wash with a small amount of petroleum ether to remove any traces of 
unsaponified and unsaponifiable matter. Transfer the entire alcohol- 
Wil § water-and-ether filtrate to the extraction cylinder and make up to the 
‘1g. § \60-ml. mark with redistilled, 50 per cent ethyl alcohol. Add 50 ml. of 
ton. § petroleum ether, shake vigorously for 1 min. (Note 1), and allow to settle 
bout § until both layers are clear. The volume of the upper layer should be about 
8 or § 40 ml. Draw off the petroleum ether layer as closely as possible, by means 
‘lum § of a slender glass siphon, into a separatory funnel of 500-ml. capacity. 
julv- (b) Repeat the extraction at least six times using 50 ml. of petroleum 
ether each time (Note 2). Wash the combined ether extracts first with a mix- 
ture of 15 ml. of 0.1 N sodium hydroxide solution and 15 ml. of 95 per cent 
alcohol, and then three times with 25-ml. portions of 10 per cent alcohol, 
shaking vigorously each time. Transfer the petroleum ether extract to a 
vm. beaker and evaporate the petroleum ether on a steam bath by the aid of a 
eter current of air. 


Note 1.—Thorough and vigorous shaking is necessary in order to secure accurate 
results. The two phases must be brought into the most intimate contact possible; other- 
wise low and disagreeing results may be obtained. 

Note 2.—This method will not remove all the unsaponifiable matter in soaps to which 
lanolin has been added. More extractions are required when substances of this nature 
are present. 

(c) Test the residue for solubility by treating with 50 ml. of petroleum 
ether at room temperature. Filter, and wash free from the insoluble 
residue, if any; evaporate and dry in the same manner on a steam bath, 
Pe, and finally in an air oven at 100 to 101 C. for 30 min. Weigh, and return 
to the oven, reweighing at 15-min. intervals until constant weight is reached. 
Take up the residue in 50 ml. of warm ethyl alcohol, neutralized to phenol- 
phthalein, titrate to the same color as the original neutral alcohol with 
VC. 0.04 N NaOH solution and calculate to oleic acid. Deduct this figure from 
foo the gross weight previously found and report as ‘“‘unsaponified and un- 
saponifiable matter.” 


“4 (d) Make a blank test on the petroleum ether by evaporating 250 ml. 
eet of the ether with about 0.25 g. of stearin or some other hard fat previously 
ght brought to constant weight by heating and drying as in the actual deter- 
ted mination. The blank must not exceed a few milligrams. 

N oTe.—Any blank from the petroleum ether must be deducted from the weight before 

calculating the unsaponified and unsaponifiable matter. = a 

nl. 
UNSAPONIFIABLE MATTER 
Apparatus 


25. Extraction Cylinder.—See cylinder described in the determination 
of unsaponified plus unsaponifiable matter (Section 22). 
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Special Solutions Required 

26. (a) See the special solutions required in the determination \ 
unsaponified plus unsaponifiable matter (Section 23). een. 

(b) Potassium Hydroxide Solution (50 per cent). - 1 
Procedure 

27. Weigh 5 g. + 0.2 g. of the sample and place in a 200-ml. Erlen- 
meyer flask. Add 30 ml. of redistilled 95 per cent alcohol and 5 ml. of 
aqueous KOH (50 per cent), and boil for 1 hr. under a reflux condenser, 
Transfer to the extraction cylinder and wash to the 40-ml. mark with re- 
distilled 95 per cent ethyl alcohol. Complete the transfer, first with warm 
and then with cold water, until the total volume is 80 ml., and finally with 
a small quantity of petroleum ether. Cool the cylinder to room tempera- 
ture and add 50 ml. of petroleum ether; then proceed with the extraction 
as outlined in the procedure for unsaponified plus unsaponifiable matter 
(Section 24; see also Notes 1 and 2), except that the alkaline wash may 
be omitted. Weigh the residue and correct for fatty acids in the usual 
manner. Report the result as unsaponifiable matter. 


UNSAPONIFIED MATTER 


28. Irom the total unsaponified plus unsaponifiable matter determined 
in Section 24, deduct the unsaponifiable figure obtained in Section 27 and 
report the difference as ‘‘unsaponified matter.” 


Rosin (Wolff’s Method, Modified) 
Procedure 

29. (a) Preparalion of Fatty and Rosin Acids.—Dissolve 5 g. + 0.01 g. 
of the sample in 100 to 200 ml. of hot distilled water in a 250-ml. beaker, 
add a slight excess of dilute sulfuric acid (1:1), heat on a steam bath until 
the fatty acids collect in a clear layer, cool to room temperature, and 
transfer to a separatory funnel, washing the beaker free from fatty and 
rosin acids with small portions of ethyl ether, adding the ether washings to 
the separatory funnel, designated as No. 1. Add about 50 ml. of ethy! 
ether to the separatory funnel and whirl to dissolve the fatty and rosin 
acids. After the solid acids have dissolved in the ether, allow the solution 
to stand for at least 5 min. 

Draw off the aqueous portion into another separatory funnel designated 
as No. 2, add about 30 ml. of ethyl ether to funnel No. 2, shake vigorously, 
allow to stand for at least 5 min., and then draw off the aqueous portion into 
another separatory funnel designated as No. 3. Transfer the ether extract to 
separatory funnel No. 1. Wash the aqueous liquid three more times, using 
for each washing about 30ml. of ethyl ether, shaking vigorously, then discard 
the aqueous liquid and add the ether washings to funnel No.1. Now add 50 
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ml. of distilled water to the combined ether extracts in funnel No. 1, shake 
vigorously, and allow to stand for 5 min. Draw off the aqueous solution 
into another separatory funnel. Repeat this operation, combining the 
water washings until the ether is free from acid, using methyl orange as 
indicator. Add 50 ml. of ethyl ether to the water washings, shake the 
separatory funnel vigorously, and allow to stand for at least 5 min. Draw 
off and discard the aqueous solution and wash the ether layer with small 
portions of distilled water until free of acid, using methyl orange as indi- 
cator. ‘Transfer the total ether extract to a 250-ml. Erlenmeyer flask, 
evaporate the ether slowly on the side of a steam bath, dry 1 hr. in an oven 
at 105 C., cool, and dissolve in 20 ml. of absolute alcohol. 

(b) First Esterification.—Add 10 ml. of a solution of one volume of 
H,SO, (sp. gr. 1.84) in four volumes of absolute ethyl alcohol, bring to a boil 
on the steam bath, and boil exactly 4 min. under a reflux condenser. 
Remove from the steam bath, add to the liquid about five times its volume 
of a NaCl solution (7 to 10 per cent). Transfer to a separatory funnel, 
washing the Erlenmeyer flask with small portions of ethyl ether, the ether 
washings being added to the aqueous solution in the separatory funnel. 
Add about 30 ml. of ethyl ether to the separatory funnel No. 1, shake 
vigorously, and allow to stand for at least 5 min. 

Draw off the aqueous solution into another funnel, No. 2. Add about 
30 ml. of ether to funnel No. 2, shake vigorously, allow to stand for at least 
5min., and then draw off the aqueous layer into another separatory funnel, 
No. 3. Repeat the extraction of the aqueous solution three times more. 
Then discard the aqueous liquid and add the combined ether solutions to 
separatory funnel No. 1. Add 50 ml. of NaCl solution (7 to 10 per cent) to 
the combined ether extracts, shake vigorously and allow to stand for at 
least 5 min. Draw off the aqueous solution into another separatory funnel. 
Repeat this operation until the washings are neutral to methyl orange, all 
salt water washings being combined. Add 50 ml. of ether to the washings 
in the separatory funnel. Shake the separatory funnel vigorously, allow to 
stand for at least 5 min., and then draw off and discard the aqueous salt 
solution. Add 50 ml. of NaCl solution and wash the ether layer until the 
aqueous salt solution is neutral to methyl orange. Dry the ether extract 
by the addition of about 3 g. of anhydrous Na»SO, to the separatory funnel, 
filter into a 250-ml. Erlenmeyer flask and evaporate off the ether slowly on 
a steam bath to dryness. 

(c) Second Esterification.—Cool, and dissolve the residue in 20 ml. of 
absolute ethyl alcohol and then proceed as described for the first esterifica- 
tion in Paragraph (6). 

(d@) Add 30 ml. of neutral alcohol (94 per cent or higher) and titrate 
rosin or rosin soap as desired, using phenolphthalein as indicator (1 ml. 0.5 
V alkali = 0.173 g. of rosin or 0.188 g. of rosin soda soap). If the pure 
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fatty acid soap is desired, subtract the rosin soap from the total anhydrous 
soap obtained in Section 19. 


Note.—This method gives somewhat high results with low-rosin soap and approx. 
imately correct results with high-rosin soap. In all cases where the rosin content is found 
to be less than 5 per cent, the actual presence or absence of rosin should be checked 
qualitatively by the Liebermann-Storch test, which is as follows: 

Transfer 1 to 2 ml. of the sample of fatty acids to a test tube, treat with 5 to 10 ml. of 
reagent grade acetic anhydride, and warm on a steam bath. After cooling, pour | to? 
ml. into a white porcelain dish and allow a drop or two of sulfuric acid (sp. gr. 1.53) to run 
down the side of the vessel. (The sulfuric acid is prepared by diluting 34.7 ml. of H,SO, 
(sp. gr. 1.84) with 35.7 ml. of distilled water.) If rosin is present, a fugitive violet coloration 
changing to a brownish tinge is immediately produced at the margin of contact of the 
reagents. The test should be checked with a sample of fatty acids to which a small amount 
of rosin has been added. a 


PREPARATION OF ToTAL Fatty MATTER 
(Fatty AND Rosin Acips, AND UNSAPONIFIED MATTER) 


Special Solutions Required 


30. Sulfuric Acid (30 per cent).—Slowly add 650 g. of H2SO, (sp. gr 
1.84) to 1400 ml. of water. 


Procedure 
31. (a) Preparation for Titer Test Only.—Dissolve about 50 g. of the 
sample in 500 ml. of hot water, add 100 ml. of H:SO, (30 per cent), heat 
until the fatty matter collects in a clear layer. Siphon off the aqueous acid 
layer and wash the fatty matter free from H.SO, with hot water. Decant 
the fatty matter into a dry beaker, filter, using a hot-water funnel, or 
placing both funnel and receiving beaker in a water-jacketed oven, and dry 
for 20 min. at 100 C. 
(b) Preparation for Other Tests—When other determinations are to be 
made on the total fatty matter, and volatile and readily oxidizable fatty 
acids are present, the following method should be used: Dissolve about 
50 g. of the sample in 300 ml. of hot water, and transfer to a separatory 
funnel. Add 150 ml. of approximately 2 N H2SO, to the solution in the 
funnel, cool somewhat and add 120 ml. of ether. Shake the solution, draw 
off the acid layer, and wash the ether layer free from acid with a strong 
NaCl solution. Draw off the aqueous layer as completely as possible, 
transfer the ether layer to a flask (it is not necessary to transfer quantita- 
tively), add 20 to 30 g. of anhydrous Na,SO,, stopper the flask, shake and 
allow to stand at a temperature below 25 C. untll the ethereal liquid becomes 
perfectly clear, showing that all the water had been taken up by the Na,SOs. 
Filter through a dry filter paper into an Erlenmeyer flask, and completely 
evaporate the ether by passing through the flask a current of dry air and 
heating the flask to a temperature of about 50 C. 
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35. (a) Sodium Hydroxide Solution (0.1N). 
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TEst 


32. Thermometer.—The thermometer shall be graduated at zero in 
0.1 deg. from 10 C. to 65 C. and have an auxiliary reservoir at the upper 
end. The 10 C. mark shall be about 3 to 4 mm. above the bulb and the length 
of the thermometer shall be about 37 cm. over all. The thermometer shall 
have been annealed for 75 hr. at 450 C. and the bulb shall be normal 16 in. 
glass' or its equivalent, moderately thin so that the thermometer will be 
quick acting. The bulb shall be about 3 cm. in length and 6 mm. in 
diameter. The stem of the thermometer shall be 6 mm. in diameter and 
made of the best thermometer tubing, with the scale etched on the stem, 
the graduation being distinct but quite fine. The thermometer shall be 


certified by the National Bureau of Standards. [pas 
Procedure 


33. Transfer the fatty acids (Section 31 (a)) when cooled somewhat, 
toa titer tube 25 by 100 mm. placed in a 273 to 275-ml. (16-0z.) saltmouth 
bottle of clear glass 70 by 150 mm.., fitted with a cork that is perforated so 
as to hold the tube rigidly when in position. Suspend the titer thermometer 
so that it can be used as a stirrer and stir the fatty acids slowly (with 
a circular motion in one plane at about 100 r.p.m.) until the mercury 
remains stationary for 30 sec. Allow the thermometer to hang quietly 
with the bulb in the center of the tube and report the highest point to 
which the mercury rises as the titer of the fatty acids. The titer should 
be made in a room at about 20 C. for all fats having a titer above 30 C. and 
at 10 C. below the titer for all other fats. 


NumBer or Farry Acips 
Procedure 


34. For the preparation of the sample for this determination follow 
the procedure described in Section 31 (b). In a 250-ml. Erlenmeyer flask 
dissolve 2 g. of the fatty acids, accurately weighed, in 20 to 30 ml. of neutral 
95 per cent ethyl alcohol. Titrate with standard alkali, using phenol- 
phthalein as indicator. Calculate the acid number (milligram of KOH 


per gram of fatty acids). =e 
BorRAxX 
Special Solutions and Materials Required 


Silica, Fine Powder. 
(c) Precipitated Calcium Carbonate. 
(d) Glycerol. 


1 Jena glass is very satisfactory for this purpose. 
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Procedure 

36. (a) Weigh 10 g. + 0.02 g. of the sample (or 5 g. + 0.01 g. if more 
than 5 per cent of borax is present) into a platinum dish and add 2.15 » 
of fusion mixture consisting of 200 g. of sodium carbonate, 15 g. of silica 
in fine powder. To this mixture add 15 ml. of alcohol (94 per cent or 
higher), mix with the aid of a glass rod, and after washing the rod with a 
little alcohol, evaporate the mass to dryness on a water bath. Ignite unt] 
the combustible material is destroyed, cover the dish with a piece of plat. 
inum foil and fuse. 

(b) Completely disintegrate the fusion by boiling with water and 
transfer the solution to a 250-ml. round-bottom flask. Acidify the mixture 
with 20 ml. of diluted HCl (1:1), heat nearly to boiling, and add a moderate 
excess of dry precipitated calcium carbonate. Connect the flask with a 
reflux condenser and boil vigorously for 10 min. Filter out the precipitat; 
through a folded filter, washing several times with hot water, but keeping 
the total volume of the liquid below 100 ml. 

(c) Return the filtrate to the flask, add a pinch of calcium carbonat 
and again boil under a reflux condenser. Remove the flame and connect 
the top of the condenser with a water pump; apply suction until the boil- 
ing has nearly ceased. Cool the mixture to room temperature, add 50 ml. 
of neutral c. p. glycerol, and titrate the solution with 0.1 N NaOH free 
from carbonate, using phenolphthalein as indicator. After the end point is 
reached, add 10 ml. more of glycerol and again titrate. Repeat this process 
until the addition of glycerol causes no further action on the end point. 
The number of milliliters of NaOH required for the titration, multiplied 
by 0.00955 will give the equivalent of borax (Na2B,O;-10H,O) present in 
the solution. _ 


SILICA PRESENT AS ALKALINE SILICATES 
Procedure 


37. (a) When the material contains no mineral matter that is in- 
soluble in water, ignite a sample of the soap containing not to exceed 0.2 g. 
of silica in a platinum dish at a low temperature. When charred, extract 
the soluble salts with water, return the paper and charred residue to the 
dish and complete the ignition. Unite the residue in the dish and the 
water extract, carefully acidify with HCl, finally adding the equivalent of 
from 5 to 10 ml. of strong HCl in excess. The dish or casserole containing 
the solution should be covered with a watch glass while adding acid so as 
to avoid loss by spray. 

(b) When the material contains mineral matter insoluble in water, or 
a determination of highest accuracy is not necessary, take a portion of the 
solution after titrating the matter insoluble in alcohol (Section 18) con- 
taining not more than 0.2 g. silica and add 5 to 10 ml. of strong HCl. 
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(c) Evaporate the acidified solution (washing off and removing the 
cover glass if used) to dryness on a steam bath or hot plate at a temperature 
not exceeding 200 C. Cool, moisten with HCl (sp. gr. 1.19), let stand 5 
to 10 min., breaking up all lumps with a stirring rod. Add about 25 ml. 
of hot water. Heat a few minutes and filter through a small ashless paper. 
Wash thoroughly with hot water. 

(d) Evaporate the filtrate to dryness and repeat the above treatment, 
filtering on a second paper. Carefully ignite the two papers and contents 
in a weighed platinum crucible, first at a low temperature until the paper 
is consumed, then over a blast lamp. Cool in a desiccator, weigh and 
repeat until constant weight is obtained. If extreme accuracy is desired, 
moisten the weighed contents of the crucible with water, add 10 ml. of HF 
and four drops of strong H.SO,, evaporate to dryness over a low flame, 
ignite at the temperature of the blast lamp for about 2 min., cool in a 
desiccator, and weigh. The difference between this weight and the previous 
weight is the weight of the silica (SiO2). To calculate sodium silicate having 


the ratio, 1 NagO:3.25 SiOs, multiply the weight of SiO, by 1.308. ee 


CARBON DioxwwE (CARBONATES) 


38. For most determinations the dry matter insoluble in alcohol and 
soluble in water as obtained in the determination of matter insoluble in 
alcohol (Section 15) will be suitable for this determination and the carbon- 
ates can be determined by direct titration of the water solution. In some 
cases it might be desired to run the test directly on an original sample of 
thesoap. This should always be done when the highest accuracy is required. 
Any reliable absorption method for determining carbon dioxide may be 
used. A method which has proved satisfactory is described in the following 


Sections 39 and 40. 


Apparatus Assembly 

39. Place a 250-ml. Erlenmeyer flask on a gauze over a burner. Fit 
the flask with a two-hole rubber stopper, one opening to carry a 25-cm. 
(10-in.) reflux condenser and the other a thistle tube equipped with a three 
way stopcock. Draw out the end of the thistle tube to a small point, and 
place it in the stopper so that the point is very close to the bottom of the 
flask. Attach a small funnel to the straightaway end of the stopcock for 
the introduction of acid into the flask. Attach the other opening of the 
stopcock (which is to receive air) to a purifying tube containing soda- 
asbestos (ascarite) or any other suitable carbon dioxide absorbent. Attach 
to the top of the reflux condenser a train consisting of the following: (a) a 
drying tube containing a dehydrating agent such as sulfuric acid (sp. gr. 
1.84) or magnesium perchlorate, (b) a weighed tube containing ascarite 
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and magnesium perchlorate, and a second weighed tube containing concen. 
trated sulfuric acid. Attach to this train a protective U-tube containing 
calcium chloride; attach the U-tube to an aspirator. “ 
Procedure 

40. Set up the apparatus, leaving out the weighed train, se aspirate 
with a slow stream of the dry carbon dioxide-free air until the apparatus 
is free of carbon dioxide. Insert the train and continue to aspirate for 
30 min. Check the weight of the train to determine whether the air js 
passing through too fast, or whether the system is free of carbon dioxide. 
The system must be free from leaks. Weigh out 1 or 2 g. of the sample 
into the Erlenmeyer flask, cover with 20 ml. of freshly boiled distilled water 
and close the apparatus with the train in place. Add 20 ml. of diluted 
HCl (1:1) very slowly through the funnel; do not apply heat to the flask. 
The rate of adding acid should be carefully controlled so that the gas 
does not pass through the train too rapidly. As soon as the acid is added, 
start aspiration gently. When the absorption begins to slacken, start 
heating gently and continue until the contents of the flask have boiled 15 
to 20 min. Stop heating and continue aspirating until the flask has cooled 
down. Remove the train and weigh. ‘The increase in weight represents 
carbon dioxide. The amount of this increase multiplied by 2.41 equals 


. 
sodium carbonate. 


PHOSPHATES 


41. If a qualitative test has shown the presence of phosphates and their 
determination is desired, the matter insoluble in alcohol (Section 15) or 
the ash from the incineration of an original sample may be used. An orig- 
inal sample should always be used when the highest accuracy is desired. 


Special Solutions Required 

42. (a) Molybdate Solution—Dissolve 100 g. of molybdic acid in 
diluted NH,OH (144 ml. of NH,OH (sp. gr. 0.90) and 271 ml. of water); 
pour this solution slowly and with constant stirring into dilute nitric acid 
(489 ml. of HNO; (sp. gr. 1.42) and 1148 ml. of water). Keep the final 
mixture in a warm place for several days or until a portion heated to 40 C. 
deposits no yellow precipitate of ammonium phosphomolybdate. Decant 
the solution from any sediment and preserve in glass-stoppered vessels. 

(b) Ammonium Nitrate Solution—Dissolve 100 g. of commercial 
ammonium nitrate, phosphate-free, in water, and dilute to 1 liter. 

(c) Magnesia Mixture-—Dissolve 55 g. of crystallized magnesium 
chloride (MgCl.-6H,O) in water, add 140 g. of ammonium chloride, 130.5 
ml. of NH,OH (sp. gr. 0.90), and dilute to 1 liter. 

(d) Diluted Ammonium for Washing. —Dilute 100 ml. of 
NH,OH (sp. gr. 0.90) to 1 liter. : 
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Procedure 

43. (a) Weigh out a 2-g. = 0.01 g. sample of the alcohol-insoluble 
matter or ash and proceed as in the determination of alkaline silicates 
(Section 37) for removal of silica, saving the filtrate. Make up the filtrate 
to 250 ml. concentrating if necessary. Pipette an aliquot corresponding to 
0.50 or 1 g. into a 250-ml. beaker; add NH,OH in slight excess; and barely 
dissolve the precipitate formed with a few drops of HNOs, stirring vigor- 
ously. Add about 15 g. of dry ammonium nitrate or a solution containing 
that amount. Heat to about 60 C. and add 70 ml. of the molybdate solu- 
tion for every decigram of phosphoric acid (P2Os) present. 

(b) Digest at about 65 C. for 1 hr. and determine whether or not the 
phosphoric acid has been completely precipitated by the addition of more 
molybdate solution to the clear supernatant liquid. Filter, and wash 
with cold water or preferably with the ammonium nitrate solution. Dis- 
solve the precipitate on the filter with NH,OH (1:1) and hot water and wash 
into a beaker to a volume of not more than 100 ml. Neutralize with HCl 
using litmus paper or bromthymol blue as an indicator, cool, and from a 
burette add slowly (about 1 drop per second), stirring vigorously, 15 ml. 
of the magnesia mixture for each decigram of phosphoric acid (P2Os) present. 
After 15 min., add 12 ml. of NH,OH (sp. gr. 0.90). 

(c) Let the solution stand until the supernatant liquid is clear (2 hr. 
is usually enough), filter, wash the precipitate with the diluted NH,OH 
until the washings are practically free from chlorides; dry, burn first at 
low heat and ignite to constant weight, preferably in an electric furnace, 
at 950 to 1000 C.; cool in a desiccator, and weigh as Mg2P20;. Calculate 


to 
bepresent. 


SULFATES 


Procedure 

44. For most determinations the matter insoluble in alcohol obtained in 
Section 15 may suffice. If a determination of the highest accuracy is 
desired, ignite 10 g. + 0.10 g. of the sample and use the ash from the 
ignition. Digest with 100 ml. of water, cover with a watch glass, and 
neutralize carefully with HCl. When neutralized, add 5 ml. excess of HCl, 
filter, and wash the residue thoroughly. (Evaporation to dryness is un- 
necessary unless gelatinous silica should have separated, and should never 
be performed on a bath heated by gas.) Make up the filtrate to 250 ml. 
in a beaker, and boil. To the boiling solution add 15 to 20 ml. of barium 
chloride solution (10 per cent) slowly drop by drop from a pipette. Con- 
tinue boiling until the precipitate is well formed, or digest on a steam bath 
overnight. Set aside overnight or for a few hours, filter through a pre- 
pared Gooch crucible, ignite gently, and weigh as barium sulfate. Calculate 
to sodium sulfate, or alkaline sulfate known to be present. 
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GLYCEROL, SUGARS AND STARCH : 
Glycerol in the Absence of Sugars — 


Special Solutions Required 

45. (a) Potassium Bichromate Solution.—Dissolve 74.553 g. of potas 
sium bichromate in 500 ml. of water in a 1-liter volumetric flask. Dilut 
to the mark with water. 

(b) Sodium Thiosulfate Solution (0.1 N). 

(c) Potassium Iodide Solution (10 per cent). 7 _ 


Procedure 

46. (a) Weigh a portion of the sample equivalent to not more than 
3.0 g. of glycerol and dissolve in 200 ml. of hot water in a 600-ml. beaker, 
If starch is present, it will be necessary to remove the matter insoluble in 
water as described in Sections 15 and 17. Combine the alcohol and water 
solutions, evaporate off the alcohol, and proceed. Decompose with 25 ml. 
of H,SO, (1:4). If alcohol is present, volatilize it by boiling for 20 to 30 
min. Cool, remove, and rinse the cake of fatty acids, transfer the acid 
water and rinsings to a 500-ml. graduated flask, and add about 0.235 g. of 
silver sulfate to precipitate traces of chlorides and soluble fatty acids. 
Make up to volume and mix contents thoroughly. 

(b) Transfer a filtered, accurately measured 50-ml. aliquot of the 
solution obtained in Paragraph (a) to a 400-ml. beaker, and to this add 75 
ml. of accurately measured potassium bichromate solution, followed by 
25 ml. of H,SO, (sp. gr. 1.84), cover with a watch glass, and oxidize by 
heating to 90 to 100 C. for 3 hr. Conduct a blank in like manner but using 
100 ml. of water, 25 ml. of H.SO, (sp. gr. 1.84), and 25 ml. of accurately 
measured potassium bichromate. Cool and dilute the solutions to 1000 
ml. in graduated flasks. The excess of potassium bichromate is determined 
by taking 50-ml. aliquots of the above, adding 50 ml. of water and 20 nl. 
of potassium iodide solution (10 per cent), and titrating the liberated iodine 
with 0.1 N thiosulfate, using starch solution as indicator. 

(c) Calculate the percentage of glycerol (1 ml. of the potassium 
bichromate solution is equivalent to 0.0100 g. of glycerol). 


_ Glycerol in the Presence of Sugars _ 


Procedure 


47. Proceed as in the determination of glycerol in the absence of sugar 
(Section 46), taking a sample so that the sum of the glycerol and sugar is 
not more than 3.0 g. (If starch is present, this must first be removed as 
described in Section 46.) The solution must be boiled in all cases at least 
20 min. to ensure complete inversion of sucrose as in Section 50. LDeter- 
mine the amount of potassium bichromate solution required to oxidize 
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1285 
both the sugar and glycerol. Determine also the sugar by the method 
lescribed in the determination of sugar (Sections 49 and 50). 

Calculate the percentage of glycerol after deducting the amount of 
potassium bichromate required by the sugar. 


1 ml. of potassium bichromate is equivalent to 0.0100 g. of glycerol 
1 ml. of potassium bichromate is equivalent to 0.01142 g. of invert sugar 


Starch 


Procedure 

48. (a) Separate the matter insoluble in water as in Section 17, using 
asample of soap that will give not more than 3 g. of starch. ‘Transfer the 
insoluble matter, without drying, to a beaker and heat for 2.5 hr. with 
200 ml. of water and 20 ml. of HCl (sp. gr. 1.125) in a flask provided with 
a reflux condenser. Cool, and nearly neutralize the solution with NaOH. 
Make up the volume to 250 ml., filter, and determine the reducing sugars 
by the gravimetric method as described in the method for the determination 
of sugar (Section 50). 

(b) Calculate the amount of dextrose (d-glucose) equivalent to the 
cuprous oxide obtained. This multiplied by 0.90 equals the amount 
of starch. 


Apparatus and Solutions Required 


49. The apparatus and solutions required shall be the same as those 
described in the standard Munson-Walker method.! 


Procedure 

50. Dissolve 10 g. + 0.01 g. of the sample in 200 ml. of hot water in a 
600-ml. beaker. Decompose with 25 ml. of H,SO, (1:4), boil gently for 
20 min. to invert the sucrose completely. Cool the solution, remove the 
heat, and rinse the cake of fatty acids. Extract the acid liquid with 25 ml. 
of ether. Neutralize the acid liquid with NaOH solution, transfer to a 
500-ml. graduated flask, dilute to the mark, and mix thoroughly. Deter- 
mine the invert sugar in 50 ml. of this solution by the Munson-Walker 
method.! To calculate sugar (sucrose) multiply the amount of invert sugar 
found by 0.95. (If starch is present, first remove as described in Section 46, 
and then proceed as above.) 


VOLATILE HyDROCARBONS 


51. This method requires a source of dry, oil-free steam which 
through the sample treated with acid, sufficient to liberate the fatty acids 
from the soap. The steam is next passed through strong NaOH solution to 
scrub out any volatile fatty acids, while the volatile hydrocarbons are 


1 Official and Tentative Methods of Analysis of the Association of Official Agricultural Chemists, Sugar 
and Sugar Products, Section XXXIV, Paragraph 28, p. 476, 4th Edition (1935). 
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condensed with the steam in a suitable arrangement which allows the excess 
water to flow away, leaving the volatile hydrocarbons in the measuring 
burette. The method may be applied to samples containing substances 
immiscible with water and volatile with steam. (For solvents heavier than 
water a Bidwell-Sterling tube should be used. (See Sections 11 to 13.)) 


Apparatus 


52. The apparatus and its arrangement are shown in Fig. 2. The 
following are the important items: 


Steam 
to Drain 
Stea 
J 


8 


to Drain 
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SfeamTra, 
Somple Flask 
, Oropping Funne/ 
Caustic Scrubber-/ron 
, Meldahl Trap 
& Condenser 


Siphon 

| Burette 

Expansion Bulb 

J, Automatic Overflow 
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Fic. 2.—Volatile Hydrocarbon Apparatus. 


(a) Steam Trap, A—A 1-liter round-bottom ring-neck flask equipped 
with a siphon tube to the drain from the bottom of the flask and provided 
with a means of regulating the steam flow into the flask. 

(0) Evolution or Sample Flask, B.—A 1-liter round-bottom ring-neck 
flask. In case large samples are desirable the size of this flask may be 
increased. 

(c) Caustic Scrubber Flask, D-—A steam jacketed metal flask is pre- 
ferred, but a 1-liter Florence flask provided with a steam coil of 0.32 cm. 
(0.125 in.) copper tubing around the upper half may be used. If the glass 
flask is used it should be provided with a safety bucket below it and should 
be renewed frequently since the strong caustic dissolves the glass rather 
rapidly. This flask should be connected to the condenser by a Kjeldahl 
connecting tube, £, or similar safety device. 

The inlet for the steam into the evolution and scrubber flasks should 
extend nearly to the bottom of the flasks and bent at right angles and 
parallel to the sides of the flask. 
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(d) Condenser, F.—A 30.5-cm. (12-in.) or longer spiral condenser of 
sufficient bore so the condensate will not readily close it. 
(e) Measuring Burette, H.—A 10-ml. burette calibrated to 0.1 ml. and 
carrying a bulb, J, of approximately 100-ml. capacity, at the lower end. 
The stoppers used should be of a good grade of rubber and should have 
been thoroughly cleaned free from any surface sulfur and should be given a 
steam distillation in position for several hours before use on a sample. 
Insulating the flasks and tubing to reduce condensation aids distillation 


and its control. J 
Procedure 


53. (a) Place 150 ml. of NaOH solution (approx. sp. gr. 1.47) and 
several sticks of solid sodium hydroxide to provide against dilution in the 
scrubber flask. Rinse out the condenser and burette with acetone. Attach 
a rubber tubing to the lower end of the burette, fill the burette and tubing 
with water, and raise the outer end of the tubing so that the water level 
in the burette is near the top of the scale when the water is flowing to the 
drain from the automatic overflow, J. Be sure that the connections are 
tight and that the tubing contains no air bubbles. Place the condenser 
in position so that the lower end extends directly into the upper end of the 
burette just above the water level or connect to an adapter siphon, G, 
which discharges into the burette. The cooling water should be 15.5 C. 
or colder. Ice water may be desirable for low-boiling hydrocarbons. 

(b) Weigh 100 g. + 0.5 g. of the sample (cut into cubes of about 1-cm. 
edges) or 50 g. + 0.3 g. of the sample of soap powder and transfer to the 
evolution flask (Note). Add about 10 g. of gum arabic (commercial) 
and 100 ml. of distilled water. Place the flask in position with 100 ml. 
of H,SO, (1:3) in a dropping funnel, C, carried in the stopper. Connect 
with the steam and wash the flasks and the condenser, making sure 
that the stoppers are tightly fitting and held in place by wiring. Rubber 
connections in the lines between the evolution flask and condenser should 
be avoided. 

(c) Add the acid to the sample slowly to avoid excessive frothing. 
While adding the acid, turn on the steam cautiously, so adjusting the 
pressure by a bleeder valve that just enough steam flows to prevent any 
liquid from backing into the steam trap flask. 

(d) When all the acid has been added, turn on enough steam to cause 
brisk distillation, taking care that no liquid is carried over from the evolu- 
tion and wash flasks and that the condenser water does not become warm. 

(e) Continue the distillation until there is no increase in the volume 
of the upper layer for 45 min. or no small droplets can be noted in the 
condensate. 
- (f) When distillation is completed, shut off and drain the condenser 
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water, and allow the steam to heat up the condenser to drive out the last 
traces of volatile hydrocarbon. Shut off the steam as soon as vapor begins 
to issue from the lower end of the condenser. Immediately open the stop- 
cock of the dropping funnel to prevent NaOH being drawn into the 
evolution flask. 

(g) Stopper the burette and allow its contents to come to room temper 
ature or bring them to a definite temperature by immersing the burette 
for 1 to 2 hr. in a water bath held at 25 C. 

(h) Read the volume of the upper layer to the nearest 0.01 ml. The 
volume multiplied by the specific gravity equals the weight of the volatile 
hydrocarbon. The specific gravity should be determined at the temperature 
at which the volume is read. A small Sprengel tube made of 3-mm. glass 
tubing is convenient for this purpose. 

(it) Calculation._-Calculate the percentage of volatile hydrocarbons as 
follows: 


Milliliters of volatile hydrocarbon x sp. gr. 


Volatile Hydrocarbons, per cent = x 100 


Weight of sample in grams 


Note.—For some samples the volatile hydrocarbon content may be so low that 
larger sample than 50 or 100 g. is desirable. ‘The size of the evolution flask may need to be 
increased if larger samples are used. ‘The amount of water in the evolution flask and acid 
used should also be correspondingly increased. 
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7 TENTATIVE DEFINITIONS 
OF 


TERMS RELATING TO SOAPS AND DETERGENTS! 
The A.S.T.M. Designation: D 459 — 37 T | 
tile This is a Tentative Standard and under the Regulations of the Society is subject to 
ure snnual revision. Suggestions for revision should be addressed to the Headquarters of the 
iety, 260 S. Broad St., Philadelphia, Pa. 
ass 
IssuED, 1937. 
as Soap.—The product formed by the saponification of fats, oils, rosins, or 
their acids, with organic or inorganic bases. 
Commercial Soap.—Soap, with or without builders. 
100 Anhydrous Real Soap.—The product of the combination of fatty or rosin | 
acid anhydrides and the equivalent amount of organic or inorganic 
+a basic oxides. It is free of water and all other concomitants. 


“id Powdered Soap.—A commercial soap that has been reduced to small particle 


size. 
Built Soap.—Soap containing one or more builders. Oo 


Soap Content.—The quantity of anhydrous real soap present. 

Soap Powder.—A water-soluble powdered product consisting of soap and 
one or more builders, in which the soap is a minor constituent. 

Alkali Cleanser —-A water-soluble product, having an alkaline reaction and 
detergent qualities, but containing no soap. 


1 Under the standardization procedure of the Society, these definitions are under the jurisdiction of the 
AS.T.M. Committee D-12 on Soaps and Detergents. 
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TENTATIVE METHOD OF TEST 
FOR 


_ SHORT- T IME HIGH-TEMPERATURE TENSION TESTS OF 
METALLIC MATERIALS! 


A.S.T.M. Designation: E 21-37T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


; IssuED, 1933; REVISED, 1934, 1937. 
Scope 
1. This method covers short-time high-temperature tension tests 
of metals within the range from room temperature to 2000 F. In 
the interests of coordination of data, it is recommended that the 
tests be made, as far as possible, at the following temperatures: 
70, 300, 500, 750, 900, 1000, 1100, 1200, 1400, 1600, 1800 and 2000 F. 
It is recognized that for special purposes, tests at other temperatures 

_ may be desirable. 


Selection of Metals for Test 


2. This method presupposes agreement upon the selection of 
= samples for test specimens to meet the requirements of indi- 
vidual applications. 


Note.—In the testing of some materials it is customary and often necessary 
to subject the specimens to a stabilizing treatment. If such is done, it shall be 
reported fully in the recorded data. 


3. The tension test specimen shall be either of the two types shown 
in Fig. 1 (a) and (6). When the type shown in Fig. 1 (6) is used, the 
+. specimen shanks must extend beyond the furnace before gripping. The 
diameter of the test specimen shall be 0.505 in. + 0.001 in. The di- 
ameter of the reduced section of the specimen between base of fillets 
shall not vary by more than +0.0005in. The surface shall be machined 
smooth and free from tool marks or scratches. It shall be finished by 
polishing with No. 00 emery cloth. The ends of the test specimen 
shall be threaded, shall be at least 3? in. in diameter, and shall be 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the 

a Joint A.S.M.E.-A.S.T.M. Research Committee on Effect of Temperature on the Properties of Metals. 

Cooperation was given by Committee B-4 on Electrical-Heating, Electrical-Resistance and 

Electric-Furnace Alloys of the American Society for Testing Materials in the preparation of this — 
tentative method of test. 
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machined true and axial. They shall be gripped in the testing machine 
in such manner that the load shall be axially applied. 


Testing Apparatus 

4. (a) Testing Machine.—The type of testing machine to be used 
in short-time high-temperature tension tests is not specified, but shall 
be reported with the results of a series of tests. The accuracy of the 
testing machine shall be within the tolerances specified in the Stand- 
ard Methods of Verification of Testing Machines (A.S.T.M. Designa- 
tion: E 4) of the American Society for Testing Materials.! 

(b) Precautions shall be taken to insure that the testing load 
is axially applied. Each specimen when set up for test shall be 
inspected for faulty alignment in the machine. Eccentricity of 
loading can often be detected by elastic extension measurements 


These holes are optional 
\ 


0.620" 0.00" alam. 4 ad. 0.505" ¢ 0.001" glam. \ 
tone if | tif 


7"--------------------- 
*These are preferred lengths and may be changed to suit existing conditions. 


(a) Specimen with Threaded Ends. 


trad 


Parallel Section | 
0620"t0.00'" cham. 
-> any Exact lin. 
q Length wt 


(b) Specimen with Blank Ends. 
Fic. 1.—Test Specimens for High-Temperature Tension Test. 


taken at room temperature before commencing the test. Apparatus © 
provided with extensometers affording measurements on opposite 
sides will reveal unsatisfactory alignment when unequal strain is 
shown by the opposite readings. Elongation measuring devices 
which show extension on one side of the specimen only do not readily 
lend themselves to the detection of eccentric loading. 

(c) Shackles—The type of shackles used to obtain axial loading 
is not specified, but a detailed description of the shackles used shall 
be reported with the results of a series of tests. 

Norte.—It is to be noted that eccentricity of loading of the specimen may be * 


lessened by using rods or wire cables of the greatest length possible to connect the 
shackles to the heads of the testing machine. 


11936 Book of A.S.T.M. Standards, Parts I and II, pp. 849 and 1417, respectively. 
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Furnace and Heating 
5. (a) A drawing showing the furnace and heating element in 


detail shall be submitted with the results of a series of tests. 
(b) The design of the furnace shall be such that the maximum 
age difference between any two of the points 7; or 7, | 
C,, B,, and B;, or B, shown in Fig. 2 (see Form I), will not exceed 
10 F. for temperatures up to and including 1600 F. and will not 
exceed 20 I’. for higher temperatures. 


Location of Thermocouples 

=== 7 Atend of thread B, At fillet 

=== Inside of hole 3 beyond fillet By Outside 4 3 ‘beyond fi let 
=== Outside "beyond fillet 8; Inside of hole "beyond fillet 


At fi Het 


Co Outside center of gage length | 
P---5 


B At end of thread . 


\ 
> 


s Nominal Test Temperature, deg. Fahr. 
P---Co 
lo 
Tr 
B 
— 
===> 
=== ‘ Form I.—Form for Reporting Temperature Survey. 
2 


> ~ 


(c) The transverse dimensions of the furnace should be as small as 
possible, merely large enough to allow for the shackles and extenso- 
meter. Equalization of the temperature over the length of the test 

_ specimen shall be obtained by a metallic lining inside the furnace tube, 
_or by the use of multiple heating coils, or external shunts or other 


reaction of the liquid upon the test metal occurs. Oil is suitable at lower tempera- 
tures. No definite recommendations are made as to the length of the furnace, pro- 
vided the required uniformity of temperature is realized. Reference to the various 
publications of the Joint Research Committee is suggested for guidance. 


adequate means of compensation. 
: Note.—Liquid baths may be used at lower temperatures provided that no 
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Temperature Measuring Apparatus 

Temperature measurements shall be made by means of suitable 
thermocouples and potentiometer or millivoltmeter equipment, which 
hall be accurate to within the following permissible variations for 
the temperature ranges shown: : 


VARIATIONS 
Over 1200 to and including 1600 FPF. 


Temperature Survey of Furnace 

7. (a) A survey of the temperature distribution throughout the 
test specimens shall be made before making a series of tests of specimens 
of a given metal, on each furnace and test shackle arrangement used. 
This survey shall be made using the coupons that are to be tested. A 
survey of temperature distribution shall be made for each temper- 
ature at which specimens shall be tested, and detailed results of these 
surveys are to be reported with the results of specimen tests. ‘These 
surveys furnish data for the study of specimen and furnace temper- 
atures. The temperature during the survey shall be also determined 
at all points indicated in Fig. 2 

(b) During a survey of temperature distribution, all temperature — 
readings shall be taken as nearly simultaneously as possible. 


Temperature Control During Tension Test 

8. (a) The temperature of the specimen during the actual tension 
test shall be measured and recorded. In all cases, a thermocouple 
shall be located at point C,, and it is preferred that thermocouples be 
also located at point 7, or T; and at point B, or B;; these locations 
are as shown in Fig. 2. Where external contact is made between 
thermocouple bead and the specimen, the thermocouple shall be 
shielded in like manner in the tension tests and in the calibration. 

(b) The change in temperature over the gage length poo yl 
the tension test should be limited to + 10 F. from the nominal test 
temperature. 
Room Temperature During Test 

9. During the period of time required for survey tests and tests of 
specimens of a metal the range of room temperature shall not exceed 
10F. During all tests the equipment shall be shielded from abnormal] 


drafts. 


10. Both in survey tests _ tests of specimens to fracture great. 
care shall be taken, after heating to the desired temperature, to be 


“| 


in 
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assured that thermal equilibrium has been reached before temperatures 
are recorded or load and strain readings are taken. In no case shall 
this heating period be less than 1 hr. The current used in heating 
the specimen up to the desired temperature shall be approximately 
that required to hold it at that temperature. J 


Strain Measurement During Test 


11. There shall be reported with the results of all tests, the 
construction details of the extensometer used, the method of attaching 
it, and any optical methods for taking strain measurements. The 
_ extensometer shall read directly to 0.0002 in. or less for a 2-in. speci- 
men. Whenever feasible, the extensometer should be attached to 
the gage length of the test specimen, but it is permissible to attach 
_ the extensometer to the ends of the shackles projecting beyond the 
furnace. It is also permissible to employ suitable optical methods of 
measurement. 


NoTe.—Extensometers attached to the rods or shackles beyond the furnace 
apparently give satisfactory results as to yield strength; but in the determination of 


elastic modulus, the extension should be taken over a definite portion of the gage 
length. 


Test Procedure 


12. (a) After thermal. equilibrium has been established at the 

temperature desired for the test of a specimen, a series of load and 

| extensometer readings shall be taken under increasing load until the 

_ yield strength has been passed. 

(b) During the part of the test in which the extensometer is in 

4 place the speed of head of the testing machine shall in no case exceed 

0.1 in. per minute, and, during the period when readings of load and 

stretch are being taken, the head of the testing machine shall be 

stopped or its speed so reduced that simultaneous load and exten- 

_ someter readings may be taken accurately. Within the range of stretch 

up to the yield strength, at least ten increments of load (or stretch) 

shall be taken, and as many more as may be necessary to obtain 

sufficient data for plotting the points for a good stress-strain diagram. 

If possible, the speed of head should be so regulated as to require 

about 10 seconds to apply an increment of load (or stretch). If it 

is found necessary to stop the motion of the head of the testing 

machine while taking load and extensometer readings, such readings 

shall be taken as rapidly as is consistent with accuracy. The time 
consumed in taking the readings shall be reported with the results. 

(c) After the yield strength has been passed, the extensometer 

: shall be removed and the test continued to rupture, noting the maxi- 


mum load carried by the specimen. The speed of the head of the 


test 
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4 
testing machine during this period shall be at a rate of not less than 
0.22 nor more than 0.28 in. per minute. After the specimen has 
ng ruptured, the elongation in the 2-in. gage length and the reduced 
ly diameter at rupture shall be measured as described in Sections 29 

and 30 of the Standard Methods of Tension Testing of Metallic Materials 

(A.S.T.M. Designation: E 8) of the American Society for Testing — 


he Materials.! The location and description of the fracture shall be 

ng noted. 

: Calculation of Stress and Strain 

0 13. For any given test load the stress shall be determined by 

h dividing the maximum load by the area of original cross-section of the 

1e test specimen. ‘The strain shall be determined by dividing the elonga- 

of tion in the gage length by the original gage length of the specimen. 
Recording and Reporting Data 

14. A uniform system of recording and reporting of data shall be | 

e used. ‘The accompanying forms for recording and reporting shall be. 
used so that results from cooperating laboratories may be readily 
compared. 

, (a) Reporting Temperature Surveys.—For reporting the results of 

j the temperature distribution surveys, Form I is recommended. ihe 

. (b) Stress-Strain Diagrams.—Stress-strain diagrams of all tests _ 


of specimens shall be included in the report. For plotting stress- 
strain diagrams? of tests the following scales are recommended: 


STRENGTH 
J 


VALUES, SCALE For STRESS SCALE FOR STRAIN 
LB. PER SQ. IN. : (OrDINATES) (ABSCISSAS) 
70 000 to 140000......... Lin. = 20000 Ib. per sq. in. 1in. = 0.002 in. per in. 
35000 to 70000......... lin. = 10000 lb. persq.in. lin. = 0.001 in. perin. 
lin. = 5000 lb. persq.in. 1 in. = 0.0005 in. per in. 


The yield strength for each specimen tested shall be determined 
from its stress-strain diagram. Yield strength is defined as the stress" 
at which a material exhibits a specified limiting permanent set. For 
short-time high-temperature tension tests of iron, steel and the stronger | 
non-ferrous metals the specified limiting permanent set shall be taken _ 
as 0.2 per cent of the gage length of the specimen, and the “offset 
method” of determining yield strength, as described in Section 26 
of the Standard Methods of Tension Testing of Metallic Materials 
(A.S.T.M. Designation: E 8) of the American Society for Testing 
Materials' shall be used. . 


11936 Book of A.S.T.M. Standards, Part I, p. 833. 2 
2 Dietzgen No. 340-10 or equivalent cross-section paper is recommended for this _ 7 
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(c) Reporting Test Data.—For reporting the data and results of 
short-time high-temperature tension tests Form II is recommended. 
(d) Plotting Test Data.—For showing the general results of a series 


of short-time high-temperature tension tests a set of graphs! is recom- 
Form II.—Form For ReEporTING Data AND RESULTS OF SHORT-TIME| 
HIGH-TEMPERATURE TENSION TEsTs.* 


Material........ From.. 


Testing Machine... Extensometer 


Test Laboratory 


1, Resvits or Temperature Distrisution Survey 


Nominal test temperature, deg. Fabr........ 


Inside temperature, end of specimen beyond 


Inside temperature center of length of 
specimen, deg. Fahr. 


2. Osservep Data or Saort-Time Hicu-Temperatore Tension Tests 


Speed of head of testing machine up to re- 
moval of extensometer, in. per minute.. 


Speed of head of testing machine after re- 
moval of extensometer, in. per minute..... 


Original diameter of specimen, in............ 
Reduced diameter of specimen, in........... 


3. CaucuLatep Resvurs or Saort-Time Hics-Temperature Tension Tests 
Tensile strength, Ib. per aq. io.............. 
= gong (0.2 per cent of set), Ib. per 


Elongation 
Reduction of area, per cent................ 


* The above form on letter size sheets suitable for recording test data is available in pads of 25 P 
sheets at 50 cents per pad; 3 pads, $1.00. Address, American Society for Testing Materials, 260° 
S. Broad St., Philadelphia, Pa. 


mended, in which temperature values are plotted as abscissas and 
values of (1) tensile strength, (2) yield strength, (3) elongation in 
2 in., and (4) reduction of area are plotted as ordinates. For steel 
and the stronger non-ferrous metals the following scales for plotting 
are recommended: 


1 Dietzgen No. 340-10 or equivalent cross-section paper is recommended for this purpose. 7 
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TENSION TEST SCALE TEMPERATURE SCAL 
(OrDINATES) (ABSCISSAS) 


wT 
{ Max. tensile strength 


not over 100,000 Ib. 


lin. = 10,000 Ib. persq.in. lin. =200F. 
Max. tensile strength 

over 100,000 Ib. per 

lin. =20,000 lb. persq.in. 1in.=200 F. 


1 in. = 10 per cent 1 in. = 200 


Tensile strength 
and 
Yield strength 


Elongation and 
Reduction of area 


(e) Summary of Data.—In reporting results of short-time > 
temperature tension tests full information about material, apparatus 
and test methods shall be reported, as follows: 

Materials—The report shall include the following information _ 
concerning the materials tested: 


_ Process of manufacture and whether material is rolled, 
forged or cast. 
Complete chemical analysis. 
Complete details of heat treatment. 
Physical properties of the material at room temperature. 
Size of sample from which specimens were cut. 
Relative location and direction of specimen. (Illustrate with — 
sketch.) 
If material was removed from service, complete details of 
_ service conditions shall be given. 
Microstructure and deep etch of samples. 
Test Methods.—The report shall include the following information _ 
concerning the apparatus and methods of testing: 
Description of apparatus, shackles used, method of calibrating © 
- loading mechanism and accuracy of loading. 
Description of temperature control-recording arrangement. 
Description of furnace. 
Description of elongation measuring device. . 
Radical departures, if any, from recommended procedure 
and technique. 
Results of temperature surveys of furnace, Form I (see 
Paragraph (a)). 
Stress-strain diagrams (see Paragraph ())). 
Test data required on Form II (see Paragraph (c)). 
Curves showing relation of physical properties to tempera- 
tures (see Paragraph (d)). 
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APPENDIX 


METHOD OF PREPARING CAST TENSION SPECIMENS 
OF HEAT-RESISTANT METALS 


Al. Scope-—This appendix covers a method of preparation of cast tension 
specimens of heat-resistant metals (chromium-nickel, chromium-nickel-iron, and 
chromium irons) intended for short-time tension tests up to 2200 F. 


fz" 
) 2" rad” key 
<4. 1} diam Note-Flask maybe 
k--4"-- Tilted and the Locations 
Shape, & Dimensions of 
dam. Riser< Risers may be Modified BY 
Pattern on Board thick\ 2 Quolity of Test tad 
” ” a! *"rad 
-26 


| 


(b) Cast Tension Test Specimen. 


Fic, Al.—Details of Casting Tension Test Specimen for Heat-Resistant Metals. 


A2. Casting Pattern.—Structural details of the tension specimen and pattern 
are given in Fig. Al. The total length of the specimen, Fig. Al (a), is 26y% in. and 
it is lin. round. The center 4}-in. section is rectangular in shape, being 1} in. in 
width and § in. in thickness. 

The gates and risers are so placed with respect to this section as to insure a high 

7 degree of soundness. The particular design shown under Fig. A1 (b) has proven 
satisfactory for 35-15 nickel-chromium-iron alloys.1 Changes in the gates and risers 


1 Tests by three foundries have shown that sound castings were produced consistently through the use 
of this pattern. Tension tests conducted by three laboratories at 1600 F. on these castings showed that the 
physical properties were in satisfactory agreement. 
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may be advisable for other types of alloys. The soundness of the resulting a 
hall be verified by radiographic examination. 

A3. Casting Specimen.—The gage section of the test specimen shall be machined — 
fom the central rectangular portion of the casting. Its dimensions shall conform 
to those given in Fig. 1 of this method. The shanks of the cast specimens are pur- 
sely made of sufficient length to remove all threaded or other connections from 
the heated zones of the test furnace. This procedure is necessary since specimens 
of this type will in general be tested at temperatures up to 2200 F. The ends of the 
shanks may be threaded to fit the adapters of the testing machine. The specimen 
shall be machined true and axial. : 


A4. Testing Apparatus and Procedure.—All details as to the tension machine — 
and test procedure shall be in accordance with those specified in this method. 
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_ TENTATIVE DEFINITIONS OF TERMS RELATING TO 
RHEOLOGICAL PROPERTIES OF MATTER! 


A.S.T.M. Designation: E 24-37 T ; 
This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1934; REVISED 1937. 


Consistency.—The resistance to deformation of material. Quantitatively 
it is the ratio of the shearing stress to the rate of shear. 

Plasticity.—The ability of a body to retain a part or all of its deformation 
after reduction of the deforming stress to zero. 

Elasticity —That property of a bedy by virtue of which it recovers its 
original size and shape after deformation. 

Liguids.—Substances which undergo continuous deformation when sub- 
jected to shearing stress. 

Simple Liquids.—Those substances in which the rate of shear is proportional 
to the shearing stress. ‘The constant ratio of shearing stress to rate of 
shear of a simple liquid is the viscosity of the liquid. 

Com plex Liquids.— ‘Those substances in which the rate of shear is not propor- 
tional to the shearing stress. 

Solids.—Substances which undergo permanent deformation only when 
subjected to shearing stress in excess of some finite value characteristic 

the substance. 

Plastic Solids.—-Those substances which do not deform under a shearing 
stress until the stress attains a critical value (yield stress) when the 
solids deform so readily or so quickly that, except for inertia effects, 
the stress never exceeds the yield stress. 

Elastic Solids—Those substances in which, for all values of the shearing 
stress below the rupture stress (shear strength), the strain is fully 
determined by the stress regardless of whether the stress is increasing 
or decreasing. 

NotEe.—Most solids exhibit combinations of properties. Metals, for example, are 
mainly elastic-plastic, while some petroleum residues, waxes and similar materials are 


plastic-viscous. Some materials exhibit even more complex deformation, for example, 
rubber compounds. 


1 Under the standardization procedure of the Society, these definitions are under the jurisdiction of the 
A.S.T.M. Committee E-1 on Methods of Testing. 
2 Revision accepted by Committee E-10 on Standards, October 11, 1937. 
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Tentative revisions of A.S.T.M. Standards are printed for 
one or more years with a view of eliciting criticisms, of which 
the committee concerned will take due cognizance before recom- 
mending final action. 

Members of the Society and others are invited to direct 


written criticisms of any of these Tentative Revisions to the 
Headquarters of the Society, 260 So. Broad St., Philadelphia, Pa. 
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TENTATIVE REVISIONS 


OF A.S.T.M. STANDARDS 


Tentative Revision' of Standard Specifications for Boiler and Firebox Steel a 
for Locomotives (A.S.T.M. Designation: A 30 — 33):? 


Section 6.—Change the table of physical properties appearing in 
this section from its present form: namely, 


FLANGE FIREBOX 
Tensile strength, lb. per sq. in... 55000 to 65000 52000 to 62 000 
Yield point, min., lb. per sq. in.. 0.5 tens. str. 0.5 tens. str. 
Elongation in 8 in., min., per cent 1 500 000° 1550 000° 
tens. str. tens. str. 


@ See Section 7. 


to read as follows: ' 
FirEBox 
FLANGE GRADE A GRADE B 
Tensile strength, Ib. per sq. in. 55 000 to 65 000 52 000t0 62000 48 000 to 58 000 
Yield point, min., lb. persq.in. 0.5 tens. str. 0.5 tens. str. 0.5 tens. str. 
Elongation in 8 in., min., 1 500 000° 500 000° 1 550 000‘ 550 000° _1 550 000+ 550 000¢ 
tens. str. tens. str. tens. str. 
* See Section 7. Revision submitted, August, 1937. 


Tentative Revision! of Standard Specifications for High Tensile Strength Carbon- 
Steel Plates for Pressure Vessels (Plates 2 in. and Under in Thickness) 
(A.S.T.M. Designation: A 149 — 36):? 


Title-—Change the title to read as follows by the addition of the 
italicized words: 


Standard Specifications for High Tensile Strength Carbon-Steel Plates for Boilers 
and Other Pressure Vessels (Plates 2 in. and Under in Thickness). 
Revision submitted, June, 1937. 


Section 1.—Change this section from its present form: namely, 


1. These specifications cover two grades of high tensile strength carbon-steel 
plates up to 2 in., inclusive, in thickness, of flange and firebox qualities, for boilers and 
other pressure vessels. ‘This material is suitable for fusion welding. The term grade 
is used to distinguish between different tensile ranges. 


to read as follows: 


1. These specifications cover two high tensile strength ranges of carbon-steel 
plates, designated Grades A and B; up to 2 in., inclusive, in thickness; of flange and 
ordinary firebox qualities; for use in locomotive boiler shells, boilers for stationary 
service and other pressure vessels. This material is suitable for fusion welding. A 
definite silicon content is specified in order to limit the carbon to the lowest practicable 
amount consistent with the specified tensile strength and the thickness of the material. 
Welding technique is of fundamental importance and it is presupposed that welding 


procedure will be in accordance with approved methods. 
Revision submitted, June, 1937. 


! Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 S. 
21936 Book of A.S.T.M. Standards, Part I. <& 
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Section 3.—Change this section from its present form: namely, 


3. The steel shall conform to the following maximum requirements as to chemical 
composition: 


Grape A Grade B 
for plates } in. and under in thickness 0.30 0.32 
Carbon, per cent.......... { for plates over 3 in. in thickness...... 0.33 0.35 
Sulfur, per | ~~ 


to read as follows: 


3. The steel shall conform to the following requirements as to chemical 
composition: 


: GraDE A Grave B 
for plates 1 in. and under 
Carbon, max., per cent...... in thickness............ 0.28 0.31 
for plates over 1 to 2 in., 
| incl., in thickness....... 0.31 0.33 
Phosphorus, max., per cent.. 0.035 0.035 


Revision submitted, June, 1937. 


Tentative Revision' of Standard Specifications for High Tensile Strength Carbon- 
Steel Plates for Fusion-Welded Pressure Vessels (Plates over 2 in. to 4 in., 
Inclusive, in Thickness) (A.S.T.M. Designation: A 150 — 36):? 


Title—Change the title to read as follows by the addition of the 
italicized words and figure and the omission of the words in brackets: 


Standard Specifications for High Tensile Strength Carbon-Steel Plates for 
[Fusion-Welded] Boilers and Other Pressure Vessels (Plates over 2 [in.] to 4 1/2 in., 
Inclusive, in Thickness). 

_ Revision submitted, June, 1937. 

Section 1.—Change this section from its present form: namely, 


1. These specifications cover two grades of high tensile strength carbon-steel 
plates over 2 in. to 4 in., inclusive, in thickness; of firebox quality; for fusion-welded 
boilers and other pressure vesseis. The term grade is used to distinguish between 
different tensile ranges. 


to read as follows: 


1. These specifications cover two high tensile strength ranges of carbon-steel 
plates, designated as Grades A and B, over 2 to 4} in., inclusive, in thickness but not 
exceeding 25,000 Ib. theoretical weight for plates over 44 to 4} in., inclusive, in thick- 
ness; of ordinary firebox quality; for use in boilers and other pressure vessels. This 
material is suitable for fusion welding. A definite silicon content is specified in order 
to limit the carbon to the lowest practical amount consistent with the specified tensile 
strength and the thickness of the material. Welding technique is of fundamental 

1 Criticisms of this revision are solicited and should be directed to the Meequerters “ the Society, 


260 S. Broad St., Philadelphia, Pa. od ete 
21936 Book of A.S.T.M. Standards, Part I. 
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importance and it is presupposed that welding procedure will be in accordance with 


approved methods. 
Revision submitted, June, 1937. 


Section 3 (b).—Change the last sentence of this section to read as follows 
by the addition of the italicized words and the omission of those in brackets: 


Pieces for two [complete sets of such tests] tension tests (one top and one bottom) 
shall be provided from each plate as rolled. 


Revision submitted, June, 1937. 


Section 4.—Change this section from its present form: namely, 


4. The steel shall conform to the following requirements as to chemical 
composition : 


Phosphorus, max., per cent { 0.035 
0.25 


to read as follows: 


4. The steel shall conform to the following requirements as to chemical 
composition: 


Grave A Grave B 
Phosphorus (Basic), max., per cent.................+.-. 0.035 0.035 


Revision submitted, June, 1937. 
Tentative Revision! of Standard Specifications for Structural Rivet Steel (A.S.T.M. 
Designation: A 141 — 36):? 
Section 9.—Change this section from its present form: namely, 


9. The diameter of rivet bars shall not vary from the size ordered more than the 


amounts given in the following table: 
PERMISSIBLE VARIATIONS, IN. 


DIAMETER OvER NDER 
Over } up to and including 1 0.010 0.010 


to read as follows: 


9. The diameter of rivet bars shall not vary from the size ordered by more than 
the amounts given in the following table: 
PERMISSIBLE VARIATIONS IN DIAMETER, IN. 


DIAMETER SPECIFIED, LN. UNDER OveR Out or RounD 
0.007 0.007 0.010 
Over 0.008 0.008 0.012 
2 0.022 0.022 0.030 


Revision submitted, June, 1937. 


1Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
*1936 Book : T. ndards, Part I. 
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Tentative Revision' of Standard Specifications for Alloy-Steel Bolting Material 
for High-Temperature Service (A.S.T.M. Designation: A 96 — 33):? 


Explanatory Note-—Change the Explanatory Note, appearing at 
- the end of these specifications, to read as follows: 


Note.—Allowable pressures and their corresponding allowable tempera- 
tures are given in the following table. Higher temperatures with appropriate 
_ pressures may be used at the discretion of the designing engineer. 


TABLE I.—Maximum SERVICE PRESSURES FOR POWER PIPING AND OIL PIPING AT 
TEMPERATURES BELOW AND ABOVE 750 F. 


_ Primary Service Pressure Rating 


at 750 F., lb. per sq. in......... 100 300 400 600 900 1500 
«Service TEMPERATURE, MaximuM SERVICE PRESSURES, LB. PER SQ. IN. 
DEG. Faure. 


PowER PIPING AND OIL PIPING 


230 500 670 1000 1500 2500 
220 480 640 960 1440 2400 
210 465 620 930 1395 2325 
hadieindhdisckinanaikiel 200 450 600 900 1350 2250 
190 435 580 870 1305 2175 
180 420 560 840 1260 2100 
150 375 500 750 1125 1875 
140 360 480 720 1080 1800 
Gtiiiasidndedscubiciecaes 130 345 460 690 1035 1725 
1 120 330 440 660 990 1650 
110 315 420 630 945 1575 
100 300 400 600 900 1500 
Power PIPING 
85 250 335 500 750 1250 
PIPING 
Dicisitcdduicdadannweeiadibice 92 275 370 550 830 1380 
82 245 330 490 740 1230 
70 210 280 420 630 1050 
Oiihssiscedeatemureiecse 55 165 220 330 495 825 
40 120 160 240 360 600 


Reference may be made to the dimensional standards for hydraulic pressure 
ratings and corresponding temperatures formulated by the Sectional Committee 
on Standardization of Pipe Flanges and Fittings, under the procedure of the 
American Standards Association, A.S.A. Project B 16 and more specifically to 
the American Standard for Steel Flanged Fittings and Companion Flanges, 
B 16e-1932. Copies of this American Standard are obtainable from the 
American Standards Association or from the American Society of Mechanical 
Engineers, 29 West 39th St., New York City. 

Revision submitted, June, 1934; Modified, August, 1934. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. ~ 
21936 Book of A.S.T.M. Standards, Part I. ; 
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Section 16.—Change this section to read as follows by the addi- _ 
tion of the italicized words, the chemical requirements remaining 
the same: 

16. Bolts and studs shall be equipped with semifinished nuts of American 
Standard heavy dimensions, chamfered and trimmed. Nuts shall be made by 
the cold-punched or hot-forged, cold-trimmed process; nuts cut from drawn or 
rolled bar stock shall not be permitted. If washers are used under nuts, they shall 
be of forged or rolled steel. All nuts and washers shall be free from injurious 
defects and shall have a workmanlike finish. Nuts shall conform to the chemical 
requirements for phosphorus and sulfur as follows. 


Revision submitted, June, 1934. 
Section 17.—Change this section to read as follows by the addition : 
f the italicized words: 
17. American National Standard coarse screw threads shall be used, except ; 
that no stud or bolt shall have less than eight threads per inch. 


Revision submitted, June, 1934. 


Tentative Revision! of Standard Specifications for Iron and Steel Chain (A.S.T.M. 
Designation: A 56 — 30): 
Section 1.—Change the second paragraph to read as follows by the 
addition of the italicized word and the omission of the word in brackets: 
Crane Chain, for slings, [hoists] cranes, steam shovels, and marine uses, and 
re an all-iron chain is desired. Revision submitted, August, 1937. 
Section 2.—Change the paragraph covering crane chain to read as 
follows by the addition of the italicized words: 
Crane Chain.—Crane Chain shall be made from all pig puddled or processed 
vrought iron free from any admixture of iron scrap or steel. 
Revision submitted, June, 1937. 
Change the paragraph covering proof coil from its present form: namely, 
Proof Coil—Proof coil may be made from open-hearth steel or all reworked 
Nore.—The term ‘‘reworked scrap”’ applies to steel and iron scrap, or a mixture 
20th. 


read as follows, omitting the note defining “reworked scrap:” 
Steel Proof Coil.—Proof coil shall be made from open-hearth steel. 
Revision submitted, August, 1937. 
Section 4..-Change the table of requirements as to chemical com- 
positioh to read as follows by the addition of the italicized figure and the 
omission of the figure in brackets: 


Wrovucur STEEL 

CRANE CHAIN PrRooF CoIL 
Manganese, maximum, per [0.10] 0.06 
Phosphorus, maximum, per 0.05 


Revision submitted, August, 1937. 


‘ ' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 
§.Broad St., Philadelphia, Pa. 

#1936 Book of A.S.T.M. Standards, Part I. 
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Table I.—Change the present proof test loads for crane chain wrought 
iron appearing in the second column of Table I by substituting the values 
shown in the following table under Proposed Revised Proof Test Loads; 
the new requirements being 38 per cent of the breaking load: 


CRANE CHAIN WrouGHT IRON 


PRESENT PROOF PROPOSED REVISED 
Nomina. Size oF CuHatn Bar, IN. Test Loaps Proor Test Loaps 

11 047 8 395 
be 15 900 12 080 


Revision submitted, August, 1937. 


New Section.—Add the following requirements for marking as a new 
Section 14 renumbering the present Sections 14 to 16 accordingly: 

14. Marking.—No markings shall be stamped on any links of the chain. Metal 
tags with the words, ‘‘Crane” or “Proof Coil” stamped thereon shall be securely 
attached to each end of each chain. Revision submitted, August, 1937. 


Tentative Revision' of Standard Specifications for Welded Wrought-Iron Pipe 
(A.S.T.M. Designation: A 72 — 33): 


Section 2.—Change Paragraph (a) to read as follows by the addition 
of the italicized words: 


2. (a) The pipe shall be made from all pig puddled or processed wrought iron 


and shall be free from any admixture of iron scrap or steel. 
Revision submitted, June, 1937. 


Tentative Revision' of Standard Specifications for Wrought-Iron Rolled or Forged 
Blooms and Forgings (A.S.T.M. Designation: A 73 — 36):? 
Section 2.—Change the first sentence of Paragraph (a) to read as 
follows by the addition of the italicized words: 
Blooms and forgings of Class A shall be made from all pig puddled or processed 


wrought iron and shall be free from any admixture of iron scrap or steel. 
Revision submitted, June, 1937. 


Tentative Revision' of Standard Specifications for Staybolt Wrought Iron, Solid 
(A.S.T.M. Designation: A 84 — 36):’ 
Section 2.—Change to read as follows by the addition of the italicized 
words and the omission of those in brackets: 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
2 1936 Book of A.S.T.M. Standards, Part I. 
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2. The bars shall be rolled from a [bloom,] slab pile or box pile made from [re- 
worked wrought iron] all pig puddled, [or reworked] knobbled charcoal or processed 
wrought iron. ‘The original muck [or knobbled] bars shall be [twice] piled rolled, 
repiled and rerolled. The [wrought iron and] component parts of the [bloom,] slab 
pile or box pile shall be free from any admixture of iron scrap or steel. 
Revision submitted, June, 1937. 


Section 3.—Omit Paragraph (a), which reads as follows, relettering 
the present Paragraphs (0) and (c) as Paragraphs (a) and (0), respectively: 


3. (a) Bloom.—A bloom is a solid mass of iron that has been hammered into 


a convenient size for rolling. 


Revision submitted, June, 1937. 


Section 11.—Add a new Paragraph (b) to read as follows, reletter- 
ing the present Paragraph (b) as Paragraph (c): 
(6) Where small lots of different sizes are to be tested, the bas shall be grouped 


into lots of 50, or fraction thereof, without regard to size, and one bar representing 
the lot shall be tested as specified in Sections 6, 8 and 9. Revision submitted, June, 1937.  — 


Section 12.— Change this section from its present form: namely, 


12. The bars shall be truly round within 0.01 in. 
than 0.005 in. over nor more than 0.020 in. over the specified diameter. 


to read as follows: 


The diameter shall be not less 


12. (a) All bars shall be truly round within 0.010 in., and shall conform to the 
following requirements as to permissible variations in size: 


Nomina Diamerer or Bar, IN. Maximum Rouuna 
OLERANCE 
Bars ror THREADING 
Bars ror Foraine 
1.255 1.270 0.015 
1.630 1.645 0.015 


fetal 
rely 
37. 
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37. 
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Revision submitted, August, 1937. ; : 
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Tentative Revision' of Standard Specifications for Staybolt Wrought Iron, Hollow 
Rolled (A.S.T.M. Designation: A 86 — 36): 
Make the same changes in Sections 2, 3 and 11 of these specifications 
as are recommended in Specifications A 84, above. 


Revision submitted, June, 1937 


Make the same change in Section 12 (a) of these specifications as js 

recommended in Specifications A 84, above. 
Revision submitted, August, 1937, 

Tentative Revision’ of Standard Specifications for Uncoated Wrought-Iron Sheets 

(A.S.T.M. Designation: A 162 — 36): 

Section 2.—Change to read as follows by the addition of the italicized 
words: 

2. All sheets shall be rolled from slabs, piles or bars made from all pig puddled, 


knobbled charcoal or processed wrought iron and shall be free from any admixture of 


iron scrap (Note) or steel. 
Revision submitted, June, 1937. 


Tentative Revision' of Standard Specifications for Zinc-Coated (Galvanized) 


Wrought-Iron Sheets (A.S.T.M. Designation: A 163 


Section 2.—Change to read as follows by the addition of the italicized 
words: 
2. All sheets shall be rolled from slabs, piles or bars made from all pig puddled 


or processed wrought iron and shall be free from any admixture of iron scrap (Note) 


or steel. 
Revision submitted, June, 1937. 


Tentative Revision' of Standard Specifications for Zinc-Coated (Galvanized) Iron 
or Steel Farm-Field and Railroad Right-of-Way Wire Fencing (A.S.T.M. 
Designation: A 116 — 30): 

The Tentative Specifications for Zinc-Coated (Galvanized) Iron or 
Steel Farm-Field and Railroad Right-of-Way Wire Fencing (A 116 — 37 T)’ 
are in effect a tentative revision of and are intended to replace when adopted 
the present Standard Specifications A 116 — 30. 


Revision submitted, June, 1937. 
Tentative Revision' of Standard Specifications for Zinc-Coated (Galvanized) Iron 

or Steel Barbed Wire (A.S.T.M. Designation: A 121 — 30): 

The Tentative Specifications for Zinc-Coated (Galvanized) Iron or 
Steel Barbed Wire (A 121 —37 T)‘ are in effect a tentative revision of and 
are intended to replace when adopted the present Standard Specifications 
A 121-30. 


Revision submitted, June, 1937 
_ Tentative Revision' of Standard Specifications for Manganese-Bronze Ingots 


for Sand Castings (A.S.T.M. Designation: B 7 - 27):* 

Section 3.—Change the table of chemical requirements appearing 
in this section to read as follows by the addition of the italicized words 
and figures and the omission of the figures in brackets: 


1 Criticisms of this revng i solicited and should be directed to the Headquarters of the Society, 


260 S. Broad St., Philadelphia 
‘of A.S.T. Part I. 


| 
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Maximum MINIMUM = 

[60] 62.0 55.0 
[42] remainder [38] remainder 
Manganese, per cent................. 3.5 [0.0] 0.2 
Aluminum, por 1.5 [0.0] 0.5 


“In the case of the Specifications for Castings (B 54) the present requirement for lead is 0.4 
cent; the proposed change is intended to apply only to the lead content requirement in the Speci- 
for Ingots (B 7). 

Revision submitted, June, 1936. 


Tentative Revision: of Standard Specifications for Manganese-Bronze Sand 
Castings (A.S.T.M. Designation: B 54 27):? 


Section 3.—Make the same change in this section as recommended _ 
in Section 3 of Specifications B 7 — 27, above. 


Revision submitted, June, 1936. 


Tentative Revision' of Standard Specifications for Rolled Zinc (ASTM. 
Designation: B 69 — 29):? 


The Tentative Specifications for Rolled Zinc (B 69-37 T)* are 
in effect a tentative revision of and are intended to replace when 
adopted the present Standard Specifications B 69 — 29. 


Revision submitted, June, 1937. 


Tentative Revision! of Standard Specifications for Quicklime for Structural 
Purposes (A.S.T.M. Designation: C 5 - 26):* 


The Tentative Specifications for Quicklime for Structural Pur- 
poses (C 5 — 34 T) are in effect a tentative revision of and are intended 
to replace when adopted the present Standard C 5 — 26. 


Revision submitted, June, 1934. _ 


Tentative Revision! of Standard Specifications for Hydrated Lime for Struc- 
tural Purposes (A.S.T.M. Designation: C 6 -31):* 


The Tentative Specifications for Hydrated Lime for Structural 
Purposes (C 6-34 T)® are in effect a tentative revision of and are 
intended to replace when adopted the present Standard C 6 - 31. 

Revision submitted, June, 1934. _ 

Tentative Revision! of Standard Specifications for Concrete Sewer Pipe (A.S.T.M. 

Designation: C 14 - 35):? 


Section 1.—Add the following footnote: 


Caution —The consumer or purchaser is cautioned against using cement-concrete 


pipe where the sewage.shows an acid reaction. 
Revision submitted, June, 1924. 


_ '! Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 S. 
Broad St., Philadelphia, Pa. 

* 1936 Book of A.S.T.M. Standards, Part I. 

3 See p. 698. 

‘1936 Book of A.S.T.M. Standards, Part IT. 
, ° Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 749 (1934); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 477. 

® Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 752 (1934); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 480. 
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Tentative Revision' of Standard Specifications for Building Brick (Made from Clay 

or Shale) (A.S.T.M. Designation: C 62 - 30):? 

The Tentative Specifications for Building Brick (Made from Clay or 
Shale) (C 62 - 37 T)? are in effect a tentative revision of and are intended 
to replace when adopted the present Standard Specifications C 62 - 30. 

Revision submitted, June, 1935; Modified, June, 1936 and June, 1937 
Tentative Revision' of Standard Specifications for Curing Portland-Cement Con- 
crete Slabs with Calcium-Chloride Admixture (A.S.T.M. Designation: 

C 82 — 34):? 

Title—Change to read as follows by the omission of the word in 
brackets: 

Standard Specifications for Curing Portland-Cement Concrete [Slabs] with 


Calcium-Chloride Admixture. 
Revision submitted, June, 1937. 


Section 1.—-Change to read as follows by the omission of the words in 
brackets: 


1. These specifications cover the method of curing [exposed] portland-cement 
concrete [slabs] by accelerating the setting and hardening of the concrete by means of 


calcium chloride [solution] incorporated with the mixture. 
Revision submitted, June, 1937. 


_ Sections 3 and 4.—Replace these two sections which read as follows: 


3. A concentrated solution shall be prepared by adding 100 Ib. of calcium chloride 
to 13 gal. of water previously placed in the container. The solution shall be thoroughly 
stirred until it is of uniform concentration and shall have a specific gravity of from 
1.31 to 1.36 at 60 F. 

4. From 2 to 3 pt., according to the rate of set of the concrete, of the calcium 
chloride solution for each bag of cement (or for each 94 Ib. of cement) shall be intro- 
duced into the drum of the mixer with the mixing water. A positive automatic 
mechanical method shall be used for introducing the calcium chloride solution into 
the mixer drum in company with the water. 


by the following new Section 3, renumbering the subsequent sections 
accordingly: 

3. Use of Calcium Chloride.—Calcium chloride may be added to the mix in either 
the dry or solution form, as follows: 

(a) When used in the dry form from 1 to 2 lb. of calcium chloride per bag of 
cement, according to the temperature* prevailing at the time of concreting, shall be 
placed in the skip with the aggregates but not in contact with the cement, just prior 
to discharging the contents of the skip into the mixer drum. 


“ The following amounts are recommended: At temperatures below 80 F. (27 C.), 2 lb.; 80 to 90 F. (27 
to 32 C.), 1.5 lb.; above 90 F. (32 C.), 1 Ib. (1 qt. of solution contains 1 Ib. of calcium chloride). 

(b) When used in the solution form the following procedure shall be followed in 
the preparation and addition of the solution to the concrete mix: Dissolve one bag of 
calcium chloride (100 lb.) in a quantity of water sufficient to make 25 gal. of solution 
(100 qt.). The solution shall be thoroughly stirred until it is of uniform concentration. 
From 1 to 2 qt. of this solution per bag of cement, according to the temperature* 


1 Criticisms of this revision are solicited and should be directed to the ecieinnl of the Society, 
260 S. Broad St., Philadelphia, Pa. 

1936 Book of A.S.T.M. Standards, Part II. 
p. 733. 
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prevailing at the time of concreting, shall be introduced into the drum of the mixer 
with the mixing water. The quantity of mixing water shall be reduced by the amount 


TENTATIVE REvisions OF A.S.T.M. STANDARDS 1313 


f calcium chloride solution used. A positive method shall be used for introducing 


the calcium chloride solution. 
Revision submitted, June, 1937. 


Section 5.—Change to read as follows by the addition of the italicized 
words and figure and the omission of the figure in brackets: 
[5]. 4. The concrete shall be finished and edged promptly after placing, as con- 


crete containing calcium chloride hardens more rapidly than plain concrete. 
Revision submitted, June, 1937. 


Tentative Revision' of Standard Specifications for Curing Portland-Cement Con- 
crete Slabs by Surface Application of Calcium Chloride (A.S.T.M. Desig- 
nation: C 83 — 36):? 


Section 4.—Change Paragraph (a) to read as follows by the addition of 
the italicized words and figures and the omission of those in brackets: 

4. (a) After removal of the burlap, the pavement shall be sprinkled and [2] 1.5 lb. 
of calcium chloride shall be immediately applied to each square yard of the pavement 
surface. The material shall be spread by means of a squeegee or suitable mechanical 
device, and [further shoveled or broomed if necessary] shall be screeded or belted upon 
dissolution to [secure] insure uniform [distribution] coverage of the concrete slab. (Spread- 


ing shall not be done with shovels or brooms alone.] 
Revision submitted, June, 1937. 


Tentative Revision! of Standard Specifications for Ready Mixed Concrete (A.S.T.M. 
Designation: C 94 — 35):? 
Section 14.—Change to read as follows by the omission of the words 
in brackets: 


14. [Coarse] Aggregates shall be measured by weight. [Fine aggregates shall be 
measured by weight or by inundated volume in a device approved by the purchaser.] 
Batch weights shall be based on dry materials and shall be corrected to take into 
account the weight of moisture contained in the aggregates. 

Revision submitted, June, 1937. 

Section 19.—Add to the marginal heading a reference letter ‘‘a” to 
tefer to the accompanying footnote shown below under the new Sections 20 
and 21. 

Change the sixth sentence of this section to read as follows by the 
addition of the italicized words and the omission of those in brackets: 

When the central mixing plant is [depended upon] used for the complete mixing 
of concrete to he transported in an agitator truck, the minimum mixing time for mixers of 
l-cu. yd. capacity or less shall be not less than 1 min.; for larger capacities of mixers 
this mixing time shall be increased at the rate of 15 sec. or more for each cubic yard, 
or fraction thereof, additional capacity. 

Immediately following the sixth sentence add a new sentence to read 
as follows: 

' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 


260 §. Broad St., Philadelphia, Pa. 
#1936 Book of A.S.T.M. Standards, Part II, 
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When the central mixing plant is used for the complete mixing of concrete to be 
transported in a non-agitating truck, the minimum mixing time for mixers of 1-cu. yd, 
capacity or less shall not be less than 1 min.; for larger capacities of mixers this mixing 
time shall be increased at the rate of 30 sec. or more for each cubic yard, or fractio 
thereof, additional capacity. 

7 Revision submitted, June, 1937, 


New Sections.—Add as new Sections 20 and 21 the seventh and eighth 
sentences, respectively, of Section 19, modified to read as follows, renum- 
bering the subsequent sections accordingly: 


20. Agitalion.e—When mixed concrete is transported in a truck mixer or an 
agitator, the size of batch shall not exceed the rated capacity of the equipment for 
agitation as stated by the manufacturer, and as stamped in metal at a prominent 
place on the equipment. The concrete shall be agitated at the rate specified by the 
manufacturer as agitating speed. 

21. Shrink-Mixing.*—When a truck mixer, or an agitator provided with adequate 
mixing blades is used for transportation, the mixing time at the central mixer may be 
reduced to the minimum required (about 30 sec.) to incorporate the ingredients of the 
mixture into a mass, and the mixing completed in the truck mixer or agitator. Under 
these circumstances, all ingredients for a batch shall be in the central mixer and 
partially mixed before any concrete is discharged to the truck mixer or agitator, and 
the size of batch shall not exceed the rated capacity of the equipment for shrink mixing 
as stated by the manufacturer, and as stamped in metal at a prominent place on the 
equipment. The mixing time in the truck mixer or agitator shall be as specified for 
truck mixing in Section 22. 


* The Tentative Standards and Recommended Practices for Truck Mixers and Agitators of the Revolving 
Drum Type of the National Ready Mixed Concrete Association place the following limitations on Capacities 
and Mixing Speeds: 

3. Capacities.—(a) When used for truck mixing the capacity of top-door-loading truck mixers shall be in 
accordance with the manufacturer's rating but the volume of mixed concrete shall not exceed 50 per cent of 
the gross volume of the drum. 

(b) When used for truck mixing the capacity of end-loading truck mixers shall be in accordance with the 
ome al rating but the volume of mixed concrete shall not exceed 57.5 per cent of the yross volume 
of the drum, 

(c) When used for shrink mixing, the capacity of truck mixers shall be in accordance with the manu- 
yg rating but the volume of mixed concrete shall not exceed 66.66 per cent of the gross volume of 
the drum. 

(d) When used for agitating, the capacity of the truck mixer or of the truck agitator shall be in accordance 
with the manufacturer's rating but the volume of mixed concrete shall not exceed 80 per cent of the gross 
volume of the drum. 

(e) The manufacturer shall attach to each truck mixer and truck agitator a metal plate on which is stated 
the capacities, in terms of volume of mixed concrete, for the various uses to which the equipment is applicable. 
When a capacity less than the limit indicated in Section 3 (d) is shown on the metal plate it indicates the 
maximum safe load carrying capacity for which the equipment was designed. 

4. Mixing Speeds.—(a) Mixing speed shall be not less than 4 r.p.m. of the drum nor greater than a speed 
resulting in a peripheral velocity of the drum of 225 ft. per min. (10 to 15 r.p.m., depending on size of mixer.) 

(b) Agitating speed shall be not less than 2 nor more than 6 r.p.m. of the drum. 


Revision submitted, June, 1937. 
Section 20.—-Renumber as Section 22 and add to the marginal heading 
a reference letter “a” to refer to the accompanying footnote given above 
under the new Sections 20 and 21. 
Revision submitted, June, 1937. 
Section 22.—Change to read as follows by the addition of the italicized 
words and figures and the omission of those in brackets: 
[22] 24. Concrete shall be delivered to the site of the work, and discharge from the 


hauling container shall be completed within a period of 1} hr. (Note 1) after the intro- 
duction of the mixing water to the cement and aggregates, or the cement (Note 2) to 
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agg gregate [when the fine aggregate contains moisture in excess my 6 per per cent by 


en and the coarse aggregate contains moisture in excess of 3 per cent by weight]. 
Revision submitted, June, 1937. 


Immediately following this section add two new notes to read as 
follows: 


Note 1.—Research has shown that a period of 1} hr. between the introduction of 
ing water and the completion of the discharge of the batch results in no detrimental 
cts on the concrete; under specially favorable conditions periods up to 2 and 3 hr. 
y be allowed. Where air temperatures are unusually high, or the ingredients of the 
ncrete mixture are such that an unusually quick time of set or loss of plasticity may 
ur, it may be necessary to specify shorter periods to insure that no damage be done 
the concrete; under these circumstances an investigation, satisfactory to the engineer, 

ith the materials to be used and in the proposed proportions, should be conducted to 

ietermine if a shorter period is necessary. It is unlikely that, except under the most 
isual circumstances, it will be necessary to substitute a period of less than 1 hr. for the 
hr. applicable to normal conditions. 


Note 2.—The limitation on the time between the introduction of the cement to the 
rregates may be waived when, in the judgment of the engineer, the aggregates are suffi- 
ntly free from moisture that there will be no harmful effects on the cement. 

Revision submitted, June, 1937. 


Tentative Revision! of Standard Method of Making and Storing Compression Test 
Specimens of Concrete in the Field (A.S.T.M. Designation: C 31 — 33): 


Section 4.—Add a new Section 4 on Storage Box to read as follows, 
renumbering the subsequent sections accordingly: 

4. Storage Box.—In order to afford reasonably uniform temperature and moisture 

nditions during the first 24 hr., for curing the specimens and to protect them fro 


mage, the cylinder molds shall be placed within a storage box (Note) so oe 


d kept in such a position on the work that its air temperature when 

ncrete specimens shall remain within 60 to 80 F. (16 to 27 C.). Othe#s 

means which provide similar temperature and moisture conditions may be use 

Note.—It is suggested that the storage box mentioned in Section 4 be made of 

n. dressed tongue-and-groove lumber, well braced with battens to avoid warping. The 

b : a well painted inside and outside and should be provided with a hinged cover 
and padlock. 


Revision submitted, June, 1937. 


Section 7.-Change Paragraph (a) to read as follows by the addition 
of the italicized words and the omission of those in brackets: 


7. (a) At the end of 24 hr., test specimens shall be removed from the [place of 
sting] storage box and, if desired, [molds] the mold may be removed. ‘Those speci- 
mens intended for laboratory control tests shall be placed under moist curing con- 
litions at approximately 70 F. and maintained therein until tested. 
Revision submitted, June, 1937. 


Tentative Revision! of Standard Definitions of Terms Relating to Refractories 
(A.S.T.M. Designation: C 71 — 36):? 


Several definitions of terms published under the title “Tentative 
Definitions of Terms Relating to Refractories (C 71-37 T)’* are 


Criticisms of this revision are solicited and should be directed to the Headquarters of the Soc iety, 
Broad St., Philadelphia, Pa. = 
21936 Book of A.S.T.M. Standards, Part II. 
*See p. 790. 
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intended to be added when adopted to the present Standard Defini- 
tions C 71 — 36. Revision submitted, June, 1936; Modified, June, 1937. 


Tentative Revision' of Standard Definitions of Terms Relating to the Gypsum 
Industry (A.S.T.M. Designation: C 11 -28):? 


Several definitions of terms published under the title “‘ Tentative 
Definitions of Terms Relating to the Gypsum Industry (C 11-31 T)” 
are intended to be added when adopted to the present Standard 
Definitions C 11 - 28. Revision submitted, June, 1916; Modified, June, 1931. 
Tentative Revision' of Standard Definition of the Term Sand (A.S.T.M. 

Designation: C 58 — 28):? 

The Tentative Definition of the Term Aggregate (C 58 - 28 T)« 
is intended to be included, when adopted, with the present Standard 
Definition C 58-28. Revision submitted, June, 1926; Modified, June, 1928, 
Tentative Revision' of Standard Specifications for Basic Sulfate White Lead 

(A.S.T.M. Designation: D 82 24):? 

The Tentative Specifications for Basic Sulfate White Lead 
(D 82-37 T)* are in effect a tentative revision of and are intended 

{ to replace when adopted the present Standard Specifications D 82 — 24. 

Revision submitted, June, 1937. 

Tentative Revision’ of Standard Specifications for Zinc Oxide (A.S.T.M. 
Designation: D 79 — 24):? 

Section 3.—Change Paragraph (a) to read as follows by the 

_ addition of the italicized words and the omission of those in brackets: 


3. (a) The color, tinting strength, brightness and oil absorption [color 
strength], when specified, shall be equal to that of a sample mutually agreed 
upon by the buyer and the seller. Revision submitted, June, 1937. 


Tentative Revision' of Standard Specifications for Zinc Sulfide (A.S.T.M. 
Designation: D 386 — 36):? 

Section 2.—Change Paragraph (a) to read as follows by the 

_ addition of the italicized words and the omission of those in brackets: 


2. (a) Dry Pigment.—The dry pigment shall consist of zinc sulfide, within 
the limits [described below, without the addition of any material other than 
that incident to the process of manufacture] prescribed in these specifications. 

Revision submitted, June, 1937. 
_ Tentative Revision' of Standard Specifications for Lithopone (A.S.T.M. 
Designation: D 208 - 26):? 


Section 3 (b).—Change the requirement for zinc oxide from its 


_ present value of ‘‘2.0 per cent max.”’ to read “1.0 per cent max.” 


Revision submitted, June, 1936. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
_ S. Broad St., Philadelphia, Pa. 
: 21936 Book of A.S.T.M. Standards, Part II. 

8 Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, p. 749 (1931); also 1937 Book of A.S.T.M. 


| Tentative Standards, p. 491. 
* Proceedings, Am. Soc. Testing Mats., Vol. 28, Part I, p. 835 (1928); also 1937 Book of A.S.T.M. 


Tentative Standards, p. 616. 
5 See p. 838. 
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Tentative Revision’ of Standard Specifications for Perilla Oil, Raw or Refined 
(A.S.T.M. Designation: D 125 —23):? 


a Section 1.—Change the requirement for color of perilla oil to read as 
follows by the addition of the italicized words: ; 

Not darker than a freshly prepared solution of 
3 1.0 g. potassium dichromate in 100 cc. pure : 

H.2SO, (sp. gr. 1.84), or its equivalent in iron- 
1 _ cobalt solution, or in Lovibond glasses. 

| Add to Section 3 the following requirement: . 


Revision submitted, June, 1937. 


Section 3 (h).—Change the test for determining color of perilla oil from 
its present form to read as follows: 


(hk) Color—Prepare a fresh solution of pure potassium bichromate in pure color- 
less H,SO, (sp. gr. 1.84). This solution should be in the proportion of 1.0 g. of potas- 
sium bichromate to 100 ml. (184.0 g.) of H:SO,. Place the oil and colored solution - 
: in separate thin-walled, clear glass tubes of the same diameter (1 to 2cm.) toadepth © 
of not less than 2.5 cm. and compare the depths of color by looking transversely __ 
through the columns of liquid by transmitted light. 

The iron-cobalt liquid equivalent to the above bichromate solution may be 
prepared as follows: Mix 29.4 ml. of Solution No. 1 with 17.6 ml. of Solution No.2 
and 53.0 ml. of Solution No. 3. The three base solutions referred to have the follow- ; 
ing composition : 


Aqueous solution of HCl (2 per cent) 


The Lovibond equivalent to the above iron-cobalt solution shall be as follows: 


ted 17.5, yellow 120.0, and blue 0.20. 
The depth of liquid shall be 10.5 mm. y Revision submitted, June, 1937. 


Add the following test for appearance of perilla oil to this section as a 
new Paragraph (7): 

(1) Appearance.—lIf the oil is cloudy when cold, it shall become clear and trans- 
parent when heated at 65 C. for 5 min. Revision submitted, June, 1937. 


Tentative Revision' of Standard Specifications for Raw Tung Oil (A.S.T.M. Desig- __ 
nation: D 12 - 33):? 
Section 1.—In the table of properties and tests change the requirement 


— 


for specific gravity from its present form: namely, : 
MaxXIMUM MINIMUM 


Specific Gravity at 15.5°/15.5° C.........cecececeeees 0.943 0.9400 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 S, 
11936 Book of A.S.T.M. Standards, Part II. _ 5 


| 
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to read as follows: 

MaxImuM MINIMUM 
Specific Gravity at 15.5/15.5 C...... 0.943 0.9407 


* For American grown tung oil the minimum specific gravity may be as low as 0.938. 
Revision submitted, June, 1935, 


Change the table in Section 1 by the addition of the following require- 


rents for color and appearence of raw tung oil: 
Color.......................Not darker than a freshly prepared solution of 
1.0 g. potassium dichromate in 100 ml. pure 
H2SO, (sp. gr. 1.84), or its equivalent in 
iron-cobalt solution, or in Lovibond glasses. 
eee clear and transparent at 65 C. 
Revision submitted, June, 1937 
Section 3.—Add the following note at the end of Paragraph (c) of this 
section: 
Note.—If tung oil of low acid value and pale color is desired, the maximum acid value 
should be reduced to 3.0, and the maximum color to 0,03 g. of dichromate per 100 ml. of 
H.SO, (or iron-cobalt, or Lovibond equivalents). Revision submitted, June, 1937. 


Change the descriptions of the heating test and the quality test de- 
scribed in Paragraphs (hk) and (), of Section 3 from their present form 
to read as follows: 


(hk) Heating Test.—The test tubes for the oil shall be 15 cm. by 16 mm., witha 
mark near the bottom to indicate 5 ml. Each tube shall be closed by a cork so per- 
forated that a glass rod 3 mm. in diameter may be moved freely. The tubes shall 
each weigh 14.5 = 2.0 g. (The purpose of this requirement is to control the wall 
thickness.) 


Fill a 1000-ml. tall-form glass beaker (height 19 cm., diameter about 9 cm.) with 
cottonseed oil or other suitable oil to a height of 11 cm. Place the thermometer as 
shown in Fig. 1 so that the bottom will be level with the bottoms of the test tubes. 

Use a nitrogen-filled, chemical thermometer, engraved stem, total length 4 to 
44 in., graduated from 210 to 310 C. in 2 C. intervals; the length between 210 and 
310 C. not less than 24 in. Thermometer glass shall be well annealed. This ther- 
mometer may be suspended in the bath by a wire or may be sealed to a glass rod as 
shown in Fig. 1. 

When the bath temperature is 293 C. (560 F.) and very slowly rising at this 
point, place the tube containing 5 ml. of the oil to be tested and the tube containing 
5 ml. of a control sample of known value into the large holes of the cover. Note the 
time. Remove the source of heat for about 45 sec. and then re-apply. Before 2 
min. have elapsed the temperature of the bath will have fallen to 282.2 C. (540 F.), at 
which point it should be kept as steady as possible. When the samples have been 
in the bath 9 min. raise the glass rods at intervals of 15 sec. Note the time when 
each sample becomes firmly set. At this period the oil will be so stiff that the entire 
tube may be lifted by aid of the rod. As setting or jellying takes place within a few 
seconds of fluidity, a good end point is afforded. Remove the samples. Heat the 
bath again to 293 C. (560 F.), and repeat the experiment with fresh portions of the 
sample. 

No stirrer is used in the bath. A screen around the bath enables the tempera- 
ture to be reached more easily. When the bath oil has become tarry and viscid, it 
should be renewed; otherwise heating may be irregular. 

(i) Quality Test.—The apparatus required for this test consists of an ordinary 


1 Based on Worstall test. 
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vitreous enameled iron casserole having a bottom diameter of 7.5 cm. (3 in.); a wide 
flange tripod with a 7.5-cm. (3-in.) opening (the object of the flange is to prevent 
super-heating of the sides of the casserole); a total-immersion chemical thermometer, 
range 30 to 300 C. and 14 to 15 in. in length. 

Put into the casserole 150 g. of the oil and heat so that the temperature reaches 
282.2 C. (540 F.) in 4 min. +30 sec., stirring with the thermometer. Turn down the 
flame and hold the heat as near 282.2 C, +1 C. (540 F. + 2 F.) as possible, stirring with 
the thermometer, until on lifting the latter, the oil drops with a pronounced string, 
showing that polymerization has started. The time required after reaching 282.2 C. 


— 


19 


> 


A. + yang » toe 9 beaker, 9 cm. in diameter by D. Test tubes 15 cm. by 16 mm. 
cm. in height. . 
B. Support plate about 6.5 cm. wide, made of B. Thermometer, ogy td to 310 C 
Monel metal, aluminum or stainless steel. F. Glass rods 3 mm. in diameter. 
Corks. G. Guide to prevent cover from slipping. 


Fic. 1.—Tung Oil Heating Test Apparatus (Revised, 1935). 


(540 F. + 2 F.) until the string is noted, is the time of the heat test. For pure tung 
oils this will not exceed 8 min. As soon as the oil strings, remove the lamp and the 
thermometer, and stir with a stiff spatula until the oil is solid. After stringing, a 
pure tung oil will require not over 40 sec. more to become solid. When solid, allow 
to stand just 1 min., then turn out, upside down, on clean paper and cut at once 
with a clean spatula. 

Pure tung oil gives a gel that is dry, not adhering to the spatula when cut, that 
is firm, crumbling under pressure of the spatula without sticking, and the cut portions 
should crumble under pressure like dry bread crumbs. Adulterated tung oil gives 


a gel that is soft, sticky, and which will not crumble. 
Revision submitted, June, 1935. 
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Add to Section 3 as a new Paragraph (j) a description of the test for 
determining color identical with that recommended above for inclusion jn 
Section 3 (h) of Specifications D 125-23. At the end of this new Para- 
graph (j) add the same Note as proposed above for inclusion jp 
Paragraph (c). 

Add to Section 3 as a new Paragraph (k) a description of the test for 
appearance identical with that recommended above in Section 3 (i) of 
Specifications D 125 — 23. 


Revision submitted, June, 1937. 


Tentative Revision' of Standard Methods of Sampling and Testing Shellac 
(A.S.T.M. Designation: D 29 — 33):? 


Section 19.—Delete this section which describes the procedure for the 


determination of wax in orange, button, seed, and regular bleached shellac. 
Revision submitted, June, 1936. 


Tentative Revision' of Standard Methods of Testing Oleo-Resinous Varnishes 

(A.S.T.M. Designation: D 154 — 28):? 

The Tentative Methods of Testing Oleo-Resinous Varnishes (Skinning 
Test, Alkali Resistance, Acid Number (D 154-35 T)? are in effect a tenta- 
tive revision of and are intended to replace when adopted the present 
Standard Methods D 154 - 28. 


Revision submitted, June, 1935. 


Tentative Revision' of Standard Method of Routine Analysis of Dry Cuprous Oxide 
(A.S.T.M. Designation: D 283 — 36):* 
The Tentative Method of Routine Analysis of Dry Cuprous Oxide 
(D 283 — 37 T)* is in effect a tentative revision of and is intended to replace 
when adopted the present Standard Method D 283 — 36. 


Revision submitted, June, 1937. 


Tentative Revision' of Standard Method of Test for Viscosity by Means of the 
Saybolt Viscosimeter (A.S.T.M. Designation: D 88 — 36) :? 


Section 4 (c).—Change the note following this section to read as follows 
by the addition of the italicized sentence: 

NotEe.—The plunger commonly supplied with the viscosimeter shall never be used on 
instruments maintained as standards. Jn case the flash point is less than 50 F. above the 
temperature of test, the wetting operation should be omitted in order to avoid an increase 1m 


viscosity due to evaporation of a portion of the light fraction. 
i Revision submitted, June, 1937. 


Section 4 (d).—After the first sentence add a new sentence to read as 
follows: 


In case the flash point is less than 50 F. (10 C.) above the temperature of test, 


the oil shall be heated to room temperature only. 
Revision submitted, June, 1937. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 
S. Broad St., Philadelphia, Pa. 
21936 Book of A.S.T.M. Standards, Part II. 


3 Proceedings, Am. Soc. Testing Mats., Vol. 35, Part I, p. 887 (1935); also 1937 Book of ASTM. 


Tentative Standards, p. 688. 
*See p. 855. 
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Tentative Revision' of Standard Method of Test for Softening Point of Tar Products 
(Cube-in-Water Method) (A.S.T.M. Designation: D 61 — 24): 


Section 1.—Change Paragraph (0) of this section to read as follows by 
the addition of the italicized word and figures and the omission of those in 
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brackets: 
t fo (b) The methods herein described are not applicable to pitches having a [melting] 
) softening point above [77 C. (170.6 F.)] 80 C. (176 F.). 
0 . 
a Change Paragraph (c) of Section 1 to read as follows by the addition 
ve of the italicized figures and the omission of those in brackets: 
ellac (c) For the purpose of shortening the time required for testing, hard pitches 
having a softening point between 43 and [77| 80 C. (109.4 and [170.6] 176 F.) are 
the wled at 15.5 C. (60 F.) instead of at 4 C. (39.2 F.) as prescribed for soft pitches. 
lac Revision submitted, October, 1937. 
6. Change the center heading “A” under “Procedure” to read as follows 
ie by the addition of the italicized figures and the omission of those in brackets: 
(A) Pitches Having Softening Points Between 43 and [77] 80 C. (109.4 and [170.6] 
ing 176 F.). Revision submitted, October, 1937. 
ta- Tentative Revision! of Standard Specifications for Broken Slag for Water- 
bound Base and Wearing Course (A.S.T.M. Designation: D 65 


Section 4.—Omit this section, reading as follows, renumbering 


the subsequent sections accordingly: 
ide 4, The percentage of wear shall be not more than 12.0 per cent. 
Revision submitted, June, 1924. _ 
ide Section 6.—Change the last line of this section to read as follows 
” by the addition of the italicized words and figures and the omission 
of those in brackets: 
. [Retained on] Passing 2}-in. screen . . . not [less] more than [85] 15 per cent. 
he Revision submitted, June, 1924. 
Section 7 (b).—Omit this paragraph which refers to the method 
WS for determining the percentage of wear. 

Revision submitted, June, 1924. 
on Tentative Revision! of Standard Specifications for Shovel-Run or Crusher- 
he Run Broken Slag for Waterbound Base (A.S.T.M. Designation: D 66 - 
in 23) 

Section 4.—Omit this section, reading as follows, renumbering the 
1s subsequent sections accordingly: 
4. The percentage of wear shall be not more than 15.0 per cent. 
Revision submitted, June, 1924. 
Section 6 (b).—Omit this paragraph which refers to the method 
for determining the percentage of wear. 
10 Revision submitted, June, 1924. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
21936 Book of A.S.T.M. Standards, Part II. = 
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_ Tentative Revision' of Standard Specifications for Block for Granite Block warp | 
Pavements (A.S.T.M. Designation: D 59 26):? for 
Section 3 (a).—Change to read as follows by the addition of the oe 
{ italicized words: 
3. (a) The percentage of wear and the French coefficient of wear shall be of apy 
determined in accordance with the Standard Method of Test for Abrasion of in on 
Rock (A.S.T.M. Designation: D 2) of the American Society for Testing straig 
Materials, except that the sample shall be prepared by use of a press and the fragments then 
shall be as uniform and as nearly cubical as practicable. shall 
Revision submitted, June, 1929. ( 
, _ Tentative Revision' of Standard Specifications for Block for Recut Granite shall 
Block Pavements (A.S.T.M. Designation: D 131 — 23):? ot 
Section 3 (a).—Make the same change in this section as recom- 
) 4 mended in Section 3 (a) of Specifications D 59 - 26 above. 
Revision submitted, June, 1929. 
: & Tentative Revision! of Standard Specifications for Block for Durax Granite 
Pavements (A.S.T.M. Designation: D 132 23):? r | 
! sa Section 3 (a).—Make the same change in this section as recom- 
: mended in Section 3 (a) of Specifications D 59 — 26 above. 
Revision submitted, June, 1929. 
Tentative Revision' of Standard General Methods of Testing Woven Textile Fabrics 
(A.S.T.M. Designation: D 39 — 36): 


| Section 11.—-Change this section from its present form: namely, 


tions for the grab method (Section 10) with the following exceptions: The specimens 
shall be 1} in. in width if there are 50 or more yarns per inch, and 1} in. in width if 
there are less than 50 yarns per inch. Each specimen shall be raveled to 1 in. in width 
by taking from each side approximately the same number of yarns. The clamps 
used on the testing machine shall have faces measuring 1 by 1} in. or more, the longer 


dimension being perpendicular to the direction of application of the load. ; : 


; 11. Raveled Strip Method.—This test shall be made in accordance with the direc- 


| to read as follows: 

11. Raveled Strip Method.—This test shall be made in accordance with the direc- 
tions for the grab method (Section 10) with the following exceptions: ‘This method 
is applicable only to fabrics containing 50 or more yarns per inch. Each specimen 
shall be 1} in. in width and shall be raveled to 1 in. in width by taking from each side 

approximately the same number of yarns. The clamps used on the testing machine 
shall have faces measuring 1 by 1} in. or more, the longer dimension being perpendicu- 
lar to the direction of application of the load. Revision submitted, June, 1937. 


New Sections.—Add the following paragraphs at the end of these 
methods as new Sections 16 and 17: 


16. Twist, Warp and Filling Yarns: (a) Test Specimens.—Specimens of the 
fabric shall measure at least 30 in. in the warp direction for the determination of the 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
1936 Book’ of A.S.T.M. Standards, Part II. 
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r the determination of the filling twist. In all operations care must be exercised to 


om the fabric in the following manner: 


raighten it by applying just sufficient tension to remove the crimp (Section 8) and 


lesting Materials: 


for Worsted Yarns (A.S.T.M. Designation: D 404).1 


n the fabric across its full width, or by other suitable means. (Marking is not neces- 
A straight edge shall be placed across the fabric between the ends of this line at the 
measured parallel to the edges of the fabric, and the width of the fabric along the 
traight edge shall be measured. Similar measurements shall be made in at least 


three different places along a roll or piece, preferably at points 10 yd. from each end 
nd in the center. The bow shall be expressed as a percentage of the width of the 


vhere d = the greatest distance in inches between the marked filling yarn and the 
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rp twist, and at least 30 in. in the filling direction, or the full width of the fabric, 
id any change in the twist of the yarn to be tested. The yarns may be removed 


Holding the yarn to be tested at one end, remove it from the fabric for a distance 
ipproximately 10 in. (cutting the cross yarn, if necessary) and grip it at this point 
one clamp of the twist tester. Remove the yarn for an additional 10 in., 


n grip it in the other clamp of the twist tester. The distance between clamps 
ll be 10 in. 

(b) Procedure.—The twist of the specimen prepared as directed in Paragraph (a) 
ll be determined by one of the following procedures of the American Society for 


Cotton Yarn.—Section 12 of the Standard General Methods of Testing and 
lerances for Cotton Yarns and Threads (A.S.T.M. Designation: D 180).1 

Woolen Yarn.—Section 12 of the Standard Methods of Testing and Tolerances 
r Woolen Yarns (A.S.T.M. Designation: D 403).! 


Worsted Yarn.—Section 12 of the Standard Methods of Testing and Tolerances 


(c) Number of Tests.—One twist test on each of ten or more different warp yarns 
ll be made and the average of these ten or more tests shall be the average twist 
the warp yarns. One twist test on each of ten or more different filling yarns, taken 
m locations in the fabric as far apart as practicable, shall be made and the average 
these ten or more tests shall be the average twist of the filling yarn. 

17. Bow.—The fabric shall be laid out smooth on a horizontal surface without 
nsion. The position of a filling yarn in the fabric shall be marked with a line drawn 


ry when distinctive colored picks are woven into the fabric at regular intervals.) 


lges of the fabric. The greatest distance between the line and the straight edge, 


bric and shall be the average for the three or more sets of measurements as calcu- 


ted from the following formula: a) — 


Bow, per cent = 


straight edge, and 


w = the width of the fabric in inches. Revision submitted, June, 1937. 


ll 


Tentative Revision? of Standard Methods of Testing and Tolerances for 
Tire Cord, Woven and on Cones (A.S.T.M. Designation: D 179-33):' 


Section 26.—Change the last paragraph from its present form: 
namely, 


11936 Book of A.S.T.M. Standards, Part II. ; . 
? Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
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A record shall be made of deviations from the scale or chart readings and 
- corresponding corrections shall be made on the machine. 


- to read as follows: 


When a machine is found to be in a satisfactory mechanical condition, 
meets the sensitivity requirements of Section 25 and then shows deviations 
between weights applied and dial readings, the following is considered a valid 
method of correction: Construct an empirical dial, the points on which shall 
be located by the position of the machine pointer after application of various 


weights as prescribed in this section. 
Revision submitted, June, 1935. 


Tentative Revision' of Standard Methods of Testing Electrical Porcelain (A.S.T.M. 
Designation: D 116 — 34):? 


Section 1.—Change this section and the Note from their present form: 
namely, 


1. These methods are intended to apply to porcelain and other vitrified ceramic 
materials used in the manufacture of electrical insulating parts. 


Note.—Tests on porcelain are made on unglazed specimens since it is desired to 
determine the strength of the porcelain structure only. Tests have indicated, however, 
that the glaze may have an effect on the mechanical strength. In some cases the values 
obtained are higher and in other cases lower than obtained on unglazed specimens. 


to read as follows: : 


1. These methods outline procedures for making the various tests described 
when they are required for an investigation or examination of porcelain or similar 
vitrified ceramic materials used as electrical insulating mediums. ‘They are not to 
be interpreted as forming test specifications for complete insulators. 


Note.—The glaze on a porcelain object may affect certain properties of the material, 
depending not only upon its presence but also upon its thickness and composition. While 
the test methods have been written with the intent of applying to unglazed specimens, 
they are equally suitable for glazed specimens. The report of test should in all cases 
indicate whether the specimens are glazed or unglazed. 

Revision submitted, June, 1937. 
Tentative Revision' of Standard Methods of Testing Electrical Insulating Oils 
(A.S.T.M. Designation: D 117 — 36): 


New Section.—Add the following as new Section 10, renumbering the 
remaining sections accordingly: 


10. Color.—The test to determine color shall be made in accordance with the 
Tentative Method of Test for Color of Lubricating Oils by Means of A.S.T.M. Union 
Colorimeter (A.S.T.M. Designation: D 155-34 T) of the American Society for 
Testing Materials.* 


Revision submitted, June, 1935. 


Tentative Revision' of Standard Methods of Test for Resistivity of Insulating 
Materials (A.S.T.M. Designation: D 257 — 33):? 


The Tentative Methods of Test for Insulation Resistance of Electrical 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St.. Philadelphia, Pa. 

2 1936 Book of A.S.T.M. Standards, Part IT. M 

3 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 885 (1934); also 1937 Book of AS.T.M. 
Tentative Standards, p. 710. 
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Insulating Materials (D 257-37 T)! are in effect a revision of and are 
intended to replace when adopted the present Standard Methods D 257 — 33. 


Revision submitted, June, 1937. 


Tentative Revision? of Standard Method of Sampling Coal (A.S.T.M. Designation: 
D 21 - 


Section 5.—Change the last sentence of the first paragraph of this 
section to read as follows by the addition of the italicized words: 


In the hand method samples of the quantities indicated in Table I shall be crushed 
so that no pieces of coal and impurities will be greater in any dimension, as judged 
by eye, than specified for the sample before division into two approximately equal 
parts. Revision submitted, June, 1937. 


Section 6 (c).—Change the second sentence to read as follows by the 
addition of the italicized words and the omission of those in brackets: 


The laboratory sample [s] shall include [all of one of the quarters, or] all of two 
opposite quarters (Fig. 34), [as may be required] and shall not be less than 15 1b. in 
quantity. Revision submitted, June, 1937. 


Section 7.—Change this section from its present form: namely, 


7. Only such mechanical means as will give equally representative samples 
shall be used in substitution for the hand method of preparation herein standardized. 


to read as follows: 


7. Mechanical Preparation.—(a) Gross samples of coal containing pieces } in. 
and larger shall be crushed before dividing so that at least 95 per cent by weight will 
pass through a 4760-micron (No. 4) sieve and all will pass through a 3-in. round-hole 
screen. 

Gross samples of coal all passing through a 3-in. round-hole screen and less 
than 95 per cent by weight passing through a 4760-micron (No. 4) sieve may be 
divided before crushing to not less than 60 lb. as described in Paragraph (b) by means 
of a riffle sampler or its equivalent. 

(b) The entire gross sample crushed as specified under Paragraph (a) shall be 
reduced in quantity to not less than 30 lb. by passing through a riffle sampler or its 
equivalent. ‘The riffle sampler shall have openings of not less than } in. and not more 
than 1 in. 

(c) The sample of not less than 30 Ib. obtained as specified under Paragraph (6) 
shall be crushed so that all will pass through a 4760-micron (No. 4) sieve and shall 
then be divided by passing through a riffle with openings not less than } in. and not 
more than ? in., obtaining a sample of not less than 15 lb. 

(d) The sample of not less than 15 lb. which has been crushed to all pass a 4760- 
micron (No. 4) sieve shall be further crushed so that 95 per cent or more by weight 
will pass through a 2380-micron (No. 8) sieve. The sample shall then be divided 
by passing through a riffle sampler with openings not over } in., obtaining a sample 
of not less than 13 lb. by no more than three passes through the riffle. 

It is not practical to crush wet coal to pass a 2380-micron (No. 8) sieve. If 
the sample of not less than 15 lb., which has been crushed to pass a 4760-micron 
(No. 4) sieve, appears wet it shall be air-dried before crushing it so that 95 per cent 
passes through a 2380-micron (No. 8) sieve. However, if the determination of total 


See p. 1016. 

Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 

"1936 Book of A.S.T. . Standards, Part II. 
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moisture is of any significance, the entire sample of not less than 15 Ib. of wet coal 
shall be placed in an air-tight container for transmission to the laboratory. 

(e) The riffle samplers specified in Paragraphs (6), (c), and (d) shall be similar 
in type to those shown in Fig. 2 (a) and (b) of the Standard Methods of Laboratory 
Sampling and Analysis of Coal and Coke (A.S.T.M. Designation: D 271) of the 
American Society for Testing Matcerials.? 

Revision submitted, June, 193 


Tentative Revision! of Standard Methods of Laboratory Sampling and Analysis of 
Coal and Coke (A.S.T.M. Designation: D 271 — 37):* 


Section 1.—Change the quantity of the laboratory sample prescribed in 
Paragraphs (e) and (g) of this section from ‘10 lb.” to read ‘15 lb.” 


Revision submitted, June, 1937. 


Section 2 (f).—-Change this section from its present form: namely, 


(f) Large Rifle Sampler.—Same as in Section 1 (g) fs for reducing coke passing 
the 4760-micron (No. 4) sieve to 10 Ib. (see Fig. 2 (a)). ee 


to read as follows: 
(f{) Large Riffle Sampler.—The same as in Section 1 (g) (see Fig. 2 (a)). 


Revision submitted, June, 1937 


Section 3 (a).---Change the first sentence in this section from its present 
form: namely, 


If the sample is coarser than will pass completely a 4760-micron (No. 4) sieve 
and larger in amount than 10 lb., quickly crush it with the jaw crusher to pass a 
4760-micron (No. 4) sieve and reduce it on the larger riffle sampler to 10 Ib.;+ then 
crush it at once to pass an 840-micron (No. 20) sieve by passing through rolls or an 
enclosed grinder, and take, without sieving, a 50-g. total moisture sample, immediately 
after the material has passed through the crushing apparatus. 


* If the sample is crushed to pass a 3360-micron (No. 6) sieve it may be reduced to 5 Ib. 


to read as follows: 


The sample which has been collected and reduced in accordance with the Stand- 
ard Method of Sampling Coal (A.S.T.M. Designation: D 21) of the American Society 
for Testing Materials,? shall be crushed? to pass an 840-micron (No. 20) sieve by 
passing through rolls or an enclosed grinder and a 50-g. total moisture sample taken, 
without sieving, immediately after the material has passed through the crushing 
apparatus. 


® Samples crushed to go pes a 4760-micron (No. 4) pleve prepared in accordance with the Standard Method 
of Sampling Coal (A.S Designation: D21) of the American Societ vi for Testing Materials? may be 
crushed to pass a 2380-micron (No. 8) sieve and reduced to not less than 1% Ib. in accordance with Section 7 
(d) of Standard Method D 21.? 

Revision submitted, June, 1937. 


Section 5 (c).—-Insert a footnote reference ‘‘a”’ after the word ‘‘sample” 


in the first sentence of this section, this footnote to read the same as footnote 


” given above in Section 3 (a). 
Revision submitted, June, 1937. 


1 Criticisms of this revision are solicited and should be directed to the Headauarters of the Society, 


260 S. Broad St., Philadelphia, Pa. — 
21937 Supplement to Book of A.S.T.M. Standards, p. 153. 
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Coal Section 43.—In Part B of this section change the tolerances for volatile 


matter from their present form: namely, 


milar PERMISSIBLE DIFFERENCES 
atory SAME DIFFERENT 
f the 3, VOLATILE MATTER: 7 LABORATORY LABORATORIES 
to read as follows: 
di 3, VOLATILE MATTER: 
Semianthracite, bituminous coal, subbituminous coal, 


Revision submitted, June, 1937. 


” Tentative Revision' of Standard Definitions of Terms Relating to Coal and Coke oa 
(A.S.T.M. Designation: D 121 - be 


The Tentative Definition of the Term Coke (D 121-30 T)* is 
intended to be added when adopted to the present Standard Defini- 
37. tions D 121-30. 


Revision submitted, June, 1921; Modified, 1924, 1926, 1930. 


ent Tentative Revision' of Standard Definitions of Terms Relating to Timber 
Preservatives (A.S.T.M. Designation: D 324 — 33): 

ieve The following definition of the term “water-gas tar” is intended 

ote when adopted to be added to the Standard Definitions D 324-33: 

Pan Water-Gas Tar.—Tar produced in the manufacture of carbureted water 

tely gas by the decomposition of petroleum oil by heat in the presence of flue gas. 


Revision submitted, June, 1933. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 

2? 1936 Book of A.S.T.M. Standards, Part II. 

3 Proceedings, Am. Soc. Testing Mats., Vol. 30, Part I, p. 1147 (1930); also 1937 Book of A.S.T.M. 
Tentative Standards, p. 648. 
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Abrasion. 

Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 
tee B-7, Appendix II, 261. 

Tentative Methods of Test for: 

Abrasion of Coarse Aggregate by Use of 
the Los Angeles Machine, 801. 

Abrasion of Gravel by Use of the Deval 
Machine, 921. 

Abrasion Resistance of Rubber Com- 
pounds, 1134. 

Tentative Specifications for Paving Brick, 
740. 


Absorption Test. 
Tentative Methods of Testing Rubber 
Insulated Wire and Cable, 1166. 

Tentative Methods of Testing Sheet and 
Plate Materials Used in Electrical Insula- 
tion, 1027. 

Tentative Specifications and Methods of 
Test for Concrete Units for Non-Load- 
Bearing Masonry, 752. 

Tentative Specifications for: 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat-Resist- 
ing Rubber Compound, 1096. 

Insulated Wire and Cable: Performance 
Rubber Compound, 1109. 


Accelerated Tests. 
See Abrasion; Aging Tests; Corrosion; 
Deterioration Test; Weathering. 
Accuracy. 
Round-Table Discussion on Precision and 
Accuracy. Summary of Proceedings of 
the Fortieth Annual Meeting, 3. 


See Neutralization. 


(1329) 


Adhesion Test. 
Tentative Methods of Testing Films Depos- — 
ited from Bituminous Emulsions, 955. 


Tentative Methods of Testing Rubber ) 
Hose, 1153. 


Admiralty Metal. 
Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser Tubes 
and Ferrule Stock, 684. 


Aggregates. 
Concrete and Concrete Aggregates. Report : 
of Committee C-9, 311. 
Tentative Methods of Test for: 
Abrasion of Coarse Aggregate by Use of 
the Los Angeles Machine, 801. 
Abrasion of Gravel by Use of the Deval 
Machine, 921. 
Soundness of Aggregates by Use of Sodi- 
um Sulfate or Magnesium Sulfate, 804. 
Tentative Specifications for: 
Concrete Aggregates, 792. 
Lightweight Aggregate for Concrete, 798. 
Standard Sizes of Coarse Aggregates for 
Highway Construction, 918. 
Aging Tests. 
Tentative Method for Air Pressure Heat '* 
Test of Vulcanized Rubber, 1122. 
Tentative Methods of Testing Rubber In- 7 
sulated Wire and Cable, 1166. 
Tentative Specifications for: 
Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, 
1070. 
Insulated Wire and Cable: Heat-Resist-_ 
ing Rubber Compound, 1096. 
Insulated Wire and Cable: Performance B 
Rubber Compound, 1109. 
Yield Point of Structural Steel. 
Research Committee, 87. 
101. 


Report of 
Discussion, 
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Alkalinity. _ Yield Strengths Corresponding to Sm; 


See Neutralization. Percentages of Set. Report of Commit. — 
tee E-1, Appendix IT, 523. Light 
Alloy Steel. Wr 


See also Steel. 


Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- alee Bronze; Cop. 
mittee. 164. per; Electrical Resistance and Heating ot 

Iron-Chromium, Iron-Chromium- Nickel Magnesium; Zinc. 
and Related Alloys. Report of Commit- Chemical Analysis of Metals. Report —_ 
tee A-10, 153. Committee E-3, 543. ing 

Report of the Wire Test Committee. Re- Copper and Copper Alloy Wires for El Fives 
port of Committee A-5, 117. Appendix, trical Conductors. Report of Committ Sul 
122. B-1, 193. 

Supe 

Report on Long-Time Creep Tests of 18 per Copper and Copper Alloys, Cast ar W: 
cent Chromium, 8 per cent Nickel Steel Wrought. Report of Committee B-5 Ap 
and 0.35 per cent Carbon Steel. Report 208. Tent 

: of Joint Research Committee on Effect of Corrosion of Non-Ferrous Metals an Hi 
‘Temperature on the Properties of Metals, loys. Report of Committee B-3, 201, M 
Appendix III, 178. Die-Cast Metals and Alloys. Report of Tent 

Tentative Method of Test for Short-Time Committee B-6, 211. Al 
High-Temperature Tension Tests of Electrical-Heating, Electrical-Resistance Al 
Metallic Materials, 1290. and Electric-Furnace Alloys. Report of 

Tentative Revision of Standard Specifica- Committee B-4, 203. Discussion, 207. Al 
tions for Alloy-Steel Bolting Material for Fatigue of Metals. Report of the Research 
High-Temperature Service, 1306. Committee, 157. Al 

Tentative Specifications for: Light Metals and Alloys, Cast and 

_ Alloy-Steel Bolting Materials for High- Wrought. Report of Committee B-7, A 

Temperature Service from 750 to 1100 yh 

F., Metal Temperatures, 616. Modulus of Elasticity of Aluminum Alloys, Analys 
_ Carbon-Silicon-Steel Plates of Ordinary by R. L. Templin and Sam Tour. Report See 

Tensile Ranges for Fusion-Welded of Committee B-7, Appendix I, 258. ir 

Boilers and Other Pressure Vessels, Nomenclature for Various Ranges in Stress (Me 

565. in Fatigue. Report of Research Com- ir 
_ Chrome-Manganese-Silicon (CMS) Al- mittee on Fatigue of Metals, Appendix, c 

loy-Steel Plates for Boilers and Other 159. Discussion, 162. 


Pressure Vessels, 572. Non-Ferrous Metals and Alloys. Report of Analy 
Low-Carbon-Nickel Steel Plates for Boil- Committee B-2, 198. See 


ers and Other Pressure Vessels, 577. 


: ; Report on Methods of Testing Oxide Coat- 0 
and ings on Aluminum. Report of Commit- 
er Pressure Vessels, 582. 

Seamless Alloy-Steel Pipe for Service at R Limitation of An 

Temperatures from 750 to 1100 F., 622. t 

Seamless Carbon-Molybdenum Alloy- Various Tests as Applied to Sheet Metals. Ele 

Report of Committee E-1, Appendix I, 
Steel Pipe for Service at Temperatures 

from 750 to 1000 F., 633. ous. 

- Seamless Cold-Drawn Intermediate Al- Spectrographic Analysis. Report of Com- Fu 

loy-Steel Heat-Exchanger and Con- mittee E-2, 528. 

denser Tubes, 601. Yield Strengths Corresponding to Small | 

Seamless Intermediate Alloy-Steel Still Percentages of Set. Report of Commit Su 


Tubes for Refinery Service, 608. tee E-1, Appendix II, 523. 
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Aluminum. 

Light Metals and Alloys, Cast and 4 
Wrought. Report of Committee B-7, 
255. 


Modulus of Elasticity of Aluminum Alloys, 
by R. L. Templin and Sam Tour. Report 
of Committee B-7, Appendix I, 258. 

Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 
tee B-7, Appendix II, 261. 

Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metals, by Thomas A. 
Wright. Report of Committee E-2, 

Appendix, 538. 
Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 
Tentative Specifications for: 
Aluminum-Base Alloy Die Castings, 705. 
Aluminum-Base Alloy Permanent Mold 
Castings, 674. 

Aluminum-Base Alloy Sand Castings, 
678. 

Aluminum-Base Alloys in Ingot Form for 
Permanent Mold Castings, 671. 

Aluminum-Base Alloys in Ingot Form for 
Sand Castings, 668. 


Analyses. 
See Chemical Methods of Analyses; Test- 
ing, Physical Methods of. 
(Methods of analyses, testing, etc., are also 
indexed under the materials and subjects 
covered by them.) 


Analysis Test Data. 
See Data, Presentation and Interpretation 


of. 
Annual Meeting. A 


Annual Report of the Executive Commit- 
tee, 54. 

Eleventh Award of Charles B. Dudley 
Medal. Summary of the Proceedings of 
the Fortieth Annual Meeting, 21. 

Fuels of Today and Tomorrow. 
Address by the President, Arno C. 
Fieldner, 31. 

Summary of the Proceedings of the Fortieth 


Annual Meeting, 1. 


Annual 


Anodic Oxidation. 
Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 

tee B-7, Appendix IT, 261. 


Anthracite. 

See Coal. 
Anti-Fouling Paints. 


Tentative Method of Routine Analysis of 
Dry Cuprous Oxide, 855. 


Antimony. 
Standards and Pure Metesisie. Report of 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metals, by Thomas A. 
Wright. Report of Committee E-2, 

Appendix, 538. 


Apparatus. 
See Testing Apparatus. 


Arc-Welding Electrodes. 
Tentative Specifications for Iron and Steel 
Filler Metal (Arc-Welding Electrodes and 
Gas-Welding Rods), 589. 


Arsenical Copper. 
Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser Tubes 
and Ferrule Stock, 684. 


Asbestos. 

Tentative Definitions and Terms Relating 
to Textile Materials, 1243. 

Tentative Methods of Testing Sheet and 
Plate Materials Used in Electrical Insula- 
tion, 1027. 

Textile Materials. 
D-13, 481. 


Asphalt. 
Bituminous Waterproofing and Roofing 
Materials. Report of Committee D-8, 
413. 
Road and Paving Materials. 
Committee D-4, 395. 
Tentative Methods of Test for: 
Asphalt Roll Roofing, Cap Sheets, and 
Shingles, 957. 

Coarse Particles in Mixtures of Asphalt 
and Mineral Matter, 953. 

Solid Filling and Treating Compounds 
Used for Electrical Insulation, 988. 


Report of Committee 


Report of 
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Asphalt (Continued): 
Tentative Specifications for: 
sphalt Cap Sheet Surfaced with Coarse 
Mineral Granules, 924. 

Asphalt for Damp-proofing and Water- 


sphalt for Use in Constructing Built-Up 
Roof Coverings, 930. 
Asphalt Roofing Surfaced with Coarse 
Mineral Granules, 933. 
Asphalt Roofing Surfaced with Fine 
Mineral Granules, 937. 
Asphalt Roofing Surfaced with Powdered 
Tale or Mica, 941. 
- Asphalt Shingles Surfaced with Coarse 
Mineral Granules, 945. 
Atmospheric Exposure. 
See Corrosion; Weathering. 
Autoclave Test. 

Procedure for Making Autoclave Tests of 
Portland Cement Used as Basis of Com- 
parison in Current Cooperative Studies. 
Report of Committee C-1, 


Tentative Specifications 
Methods of Test for Blended Cements. 
Report of Committee C-1, Appendix IT, 


Tentative Specifications for Glazed Build- 
ing Units, 736. 


Barbed Wire. 
Report of the Wire Test Committee. 
port of Committee A-5, 117. 


Tentative Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Barbed Wire, 


Tentative Revision of Standard Specifica- 
tions for Staybolt Wrought Iron, Hollow 


Tentative Revision of Standard Specifica- 
tions for Staybolt Wrought Iron, Solid, 


Tentative Specifications for: 
_ Alloy-Steel Bolting Materials for High- 
Temperature Service from 750 to 1100 

F., Metal Temperatures, 616. 


Rolled Wrought-Iron Shapes and Bars, 
664. 
Single and Double Refined Wrought-Iron 
Bars, 649. 
Wrought-Iron Rivets and Rivet Rounds, 

659. 


Bend Testing. 


Tentative Specifications for Insulated Wire 
and Cable: Class AO, 30 per cent Hevea 
Rubber Compound, 1070. 

Tentative Specifications for Rolled Zinc, 


698. 
Bismuth. 


Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, 


518. 


_ Standards and Pure Materials. 
Subcommittee V, Committee E-?2, 531. 

Super-Purity Metals, by Thomas A. Wright. 

Report of Committee E-2, Appendix, 538. 


Bituminous Coal. 
See Coal. 


Bituminous Materials. 
See Asphalt; Petroleum Products; Timber 
Preservatives; Waterproofing. 


Blended Cements. 


Cement. Report of Committee C-1, 273. 
Proposed ‘Tentative Specifications and 
Methods of Test for Blended Cements. 
Report of Committee C-1, Appendix I], 


291. 
Block. 


Tentative Revisions of Standard Specifica- 


tions for: 


Block for Durax Granite Pavements, 1322. 
Block for Granite Block Pavements, 1322. 
Block for Recut Granite Block Pave- 


ments, 1322. 


Tentative Specifications and Methods of 
Test for Concrete Units for Non-Load- 
Bearing Masonry, 752. 


Boiler Feedwater. 


Research. Report of Committee E-9, 549. 


Boiler Materials. 


Tentative Revisions of Standard Specifica- 


tions for: 


Boiler and Firebox Steel for Locomotives, 
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High Tensile Strength Carbon-Steel 
Plates for Fusion-Welded Pressure 
Vessels (Plates over 2 in. to 4 in., 
Inclusive, in Thickness), 1304. 

High Tensile Strength Carbon-Steel 
Plates for Pressure Vessels (Plates 2 in. 
and Under in Thickness), 1303. 

Tentative Specifications for: 

Alloy-Steel Bolting Materials for High- 
Temperature Service from 750 to 1100 
F., Metal Temperatures, 616. 

Carbon-Silicon-Steel Plates of Ordinary 
Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels, 565. 

Chrome-Manganese-Silicon (CMS) Alloy- 
Steel Plates for Boilers and Other Pres- 
sure Vessels, 572. 

Copper and Copper-Alloy Seamless Con- 
denser Tubes and Ferrule Stock, 684. 

Low-Carbon-Nickel Steel Plates for 
Boilers and Other Pressure Vessels, 
577. 

Molybdenum-Steel Plates for Boilers and 
Other Pressure Vessels, 582. 

Rolled Zinc, 698. 

Seamless Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1100 F., 622. 

Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for Service at Temperatures 
from 750 to 1000 F., 633. 

Seamless Cold-drawn Intermediate Alloy- 
Steel Heat-Exchanger and Condenser 
Tubes, 601. 

Seamless Intermediate Alloy-Steel Still 
Tubes for Refinery Service, 608. 

Single and Double Refined Wrought-Iron 
Bars, 649. 

Wrought-Iron Rivets and Rivet Rounds, 
659. 

Boiling Point Viscosity Number. 

Diesel-Fuel-Oil Classification. Report of 
Committee D-2, Appendix IV, 385. 

Bolting. 

Tentative Revision of Standard Specifica- 
tions for Alloy-Steel Bolting Material for 
High-Temperature Service, 1306. 

Tentative Specifications for Alloy-Steel 
Bolting Materials for High-Temperature 
Service from 750 to 1100 F., Metal 


Temperatures, 616. 


Bomb Test. 
See Aging Test. 
Braid. 

Tentative Specifications for Insulated Wire 
and Cable: Class AO, 30 per cent Hevea 
Rubber Compound, 1070. 

Brass. 
Brass Die Castings, by J. C. Fox. Report _ 

of Committee B-6, Appendix I, 215. 

Tentative Method of Test for Short-Time © 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 

Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser Tubes 
and Ferrule Stock, 684. 

Brick. 

Brick. Report of Committee C-3, 300. 

Refractories. Report of Committee C-8, 
307. 

Tentative Methods of Test for Cold Crush- | 
ing Strength and Modulus of Rupture of 
Refractory Brick and Shapes, 785. 

Tentative Specifications for: 

Building Brick (Made from Clay or 
Shale), 733. 
Glazed Building Units, 736. 
Paving Brick, 740. 
Sewer Brick (Made from Clay or Shale), _ 
749, 
Bronze. 

Tentative Method of Test for Short-Time — 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 

Tentative Revision of Standard Specifica- 
tions for Manganese-Bronze Ingots for. 
Sand Castings, 1310. 

Tentative Revision of Standard Specifica- 
tions for Manganese-Bronze Sand Cast- 7 
ings, 1311. 

Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser Tubes — 
and Ferrule Stock, 684. 


Percentages of Set. 


Report of Commit- 
tee E-1, Appendix II, 
Building Brick. 
See Brick. 


Building Tile. 
See Tile. 
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Cable. 

Tentative Methods of Testing Rubber Insu- 
lated Wire and Cable, 1166. 

Tentative Methods of Testing Solid Filling 
and Treating Compounds Used for Elec- 
trical Insulation, 988. 

Tentative Specifications for: 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat-Resist- 
ing Rubber Compound, 1096. 

Insulated Wire and Cable: Performance 
Rubber Compound, 1109. 

Cadmium. 

Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 

Super-Purity Metals, by Thomas A. Wright. 
Report of Committee E-2, Appendix, 538. 

Calcium Chloride. 

Tentative Revision of Standard Specifica- 
tions for Curing Portland-Cement Con- 
crete Slabs by Surface Application of 
Calcium Chloride, 1313. 

Tentative Revision of Standard Specifica- 

tions for Curing Portland-Cement Con- 

crete Slabs with Calcium-Chloride 

Admixture, 1312. 

Cap Sheets. 

Tentative Methods of Testing Asphalt Roll 
Roofing, Cap Sheets, and Shingles, 957. 

Carpets. 

Tentative Methods of Testing Pile Floor 
Covering, 1235. 

Castings. 

See Alloy Steel; Aluminum; Brass; Bronze; 
Cast Iron; Copper; Die Castings; Malle- 
able Iron; Steel. 

Cast Iron. 

Cast Iron. Report of Committee A-3, 109. 

Malleable Iron Castings. Report of Com- 
mittee A-7, 151. 

i Caustic Soda. 

Proposed Methods of Chemical Analysis of 
Special Detergents. Report of Commit- 
tee D-12, Appendix II, 477. 


Tentative Specifications for Caustic Soda, 
1260. 
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Cement. —_ 

Cement Reference Laboratory. Report of 
Subcommittee, Committee C-1, 288, 
Cement. Report of Committee C-1, 273, 
Fineness. Report of Working Committee, 

Committee C-1, 280. 

Methods of Chemical Analysis of Portland 
Cement. Report of Working Commit. 
tee, Committee C-1, 284. 

Plastic’ Mortar Tests. Report of Working 
Committee, Committee C-1, 282. 

Procedure for Making Autoclave Tests of 

Portland Cement Used as Basis of Com. 
parison in Current Cooperative Studies. 
Report of Committee C-1, Appendix I, 
290. 
Proposed Tentative Specifications and 
Methods of Test for Blended Cements. 
Report of Committee C-1, Appendix II, 
291. 

Tentative Method of Chemical Analysis of 
Portland Cement, 717. 

Tentative Method of Test for Compressive 
Strength of Portland-Cement Mortars, 
726. 


Cetane Number. 


Diesel-Fuel-Oil Classification. Report of 
Committee D-2, Appendix IV, 385. 


C. F. R. Engine. 


Tentative Method of Test for Knock Char- 
acteristics of Motor Fuels, 879. 


Chain. 
Tentative Revision of Standard Specifica- 
tions for Iron and Steel Chain, 1307. 


Chemical Methods of Analyses. 


(Methods of chemical analysis of the ferrous 
and non-ferrous metals and alloys are 
issued collectively in a separate Society 
publication “‘A.S.T.M. Methods of Chem- 
ical Analyses of Metals, 1936.”’) 

Chemical Analysis of Metals. Report of 
Committee E-3, 543. 

Methods of Analysis of Paint Materials. 
Report of Subcommittee VIII, Commit- 
tee D-1, 353. 

Methods of Chemical Analysis of Portland 

Cement. Report of Working Committee, 

Committee C-1, 284. 
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Proposed Methods of Chemical Analysis of 
Special Detergents. Reports of Com- 


q mittee D-12, Appendix II, 477. 
, 21, Proposed Methods of Chemical Analysis of 
littee, Sulfonated (Sulfated) Oils. Report of 


Committee D-12, Appendix I, 457. 


tland Spectrographic Analysis. Report of Com- sure Vessels, 572. 

nmit- mittee E-2, 528. Seamless Alloy-Steel Pipe for Service at 
Tentative Method of Test for Volumetric Temperatures from 750 to 1100 F., 622. 

rking Determination of Small Amounts of Seamless Cold-Drawn Intermediate Alloy- 

Copper in Textiles, 1240. Steel Heat-Exchanger and Condenser 
sts of Tentative Methods for the Identification of Tubes, 601. 

Com- Fibers in Textiles and for the Quantita- Seamless Intermediate Alloy-Steel Still 
dies, tive Analysis of Textiles, 1174. Tubes for Refinery Service, 608. 
lix I, Tentative Methods of Chemical Analysis of: Cinder Concrete Block. 

Dry Cuprous Oxide, 855. Tentative Specifications and Methods of 
and Portland Cement, 717. Test for Concrete Units for Non-Load- 
rents, Refractory Materials, 760. Bearing Masonry, 752. 

ix Il, Soaps and Soap Products, 1266. — Cinders. 

Zinc Yellow Pigment (Zinc Chromate Tentative Specifications for Lightweight 

sis of Yellow), 849. Aggregate for Concrete, 798. 
Tentative Methods of Testing: Clay Hollow Tile. ; 

Ssive Asphalt Roll Roofing, Cap Sheets, and See Tile. — 7 
rtars, Shingles, 957. Coal. 
Certain Wool and Part Wool Fabrics, Classification of Coals, Report of Sectional 

1231. Committee, 406. 
Rayon, 1202. Coal and Coke. Report of Committee D-5, 
Wool Felt, 1226. 402. 
Chromium-Nickel Alloys. Fuels of Today and Tomorrow. Annual 

Effect of Temperature on the Properties of Address by the President, Arno C. Field- 

Yhar- Metals. Report of Joint Research Com- ner, 31. 
mittee, 164. Tentative Methods of Test for: 

Electrical-Heating, Electrical-Resistance Drop Shatter Test for Coal, 820. 
e and Electric-Furnace Alloys. Report of Grindability of Coal by the Ball-Mill 
ifica- Committee B-4, 203. Discussion, 207. Method, 810. 

Iron-Chromium, Iron-Chromium- Nickel Grindability of Coal by the Hardgrove- 

and Related Alloys. Report of Commit- Machine Method, 815. 
rrous tee A-10, 153. Tumbler Test for Coal, 827. 
oe Report on Long-Time Creep Tests of 18 per Tentative Revision of Standard Method of | 
ciety cent Chromium, 8 per cent Nickel Steel Sampling Coal, 1325. : 
hem- and 0.35 per cent Carbon Steel. Report Tentative Revision of Standard Methods of — 

of Joint Research Committee on Effect of Laboratory Sampling and Analysis of 
rt of Temperature on the Properties of Metals, Coal and Coke, 1326. 

Appendix III, 178. ; Coarse Particles. 
rials. Tentative Specifications for Alloy-Steel Tentative Method of Test for Coarse Par- 
mit- Bolting Materials for High-Temperature ticles in Mixtures of Asphalt and Mineral 

Service from 750 to 1100 F., Metal Tem- Matter, 953. 
land peratures, 616. Coke. 
tee, Chromium Pigments. Coal and Coke. Report of Committee D-5, 
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Zinc Yellow Pigment (Zinc Chromate 
Yellow), 849. 
Chromium Steel. 
Tentative Specifications for: 
Chrome-Manganese-Silicon (CMS) Alloy- 
Steel Plates for Boilers and Other Pres- 


Ort of | 


(Continued): 

Fuels of Today and Tomorrow. Annual 
Address by the President, Arno C. Field- 
ner, 31. 

Tentative Revision of Standard Methods of 
Laboratory Sampling and Analysis of 
Coal and Coke, 1326. 

Color. 

Tentative Method of Test for Spectral 
Apparent Reflectivity of Paints, 869. 

Tentative Revision of Standard Methods of 

t Testing Electrical Insulating Oils, 1324. 

Tentative Specifications for Raw Soybean 

Oil, 860. 
q Compression Testing. 

Plastic Mortar Tests. Report of Working 
Committee, Committee C-1, 282. 

A Study of Plastic Mortar Cubes, by H. W. 
Leavitt. Report of Committee C-9, 
Appendix, 321. 

Tentative Methods of Test for: 

_ Cold Crushing Strength and Modulus of 

Rupture of Refractory Brick and 
_ Shapes, 785. 
Compression Set of Vulcanized Rubber, 
we 1127. 
Compressive Strength of 
Cement Mortars, 726. 
- Sheet and Plate Materials Used in Elec- 
trical Insulation, 1027. 

Tentative Revision of Standard Method of 
Making and Storing Compression Test 
Specimens of Concrete in the Field, 1315. 

Tentative Specifications and Methods of 
Test for Concrete Units for Non-Load- 
Bearing Masonry, 752. 


Concrete. 

Concrete and Concrete Aggregates. Report 
of Committee C-9, 311. 

Concrete Pipe. Report of Committee C-13, 
337. 

Plastic Mortar Tests. Report of Working 
Committee, Committee C-1, 282. 

Road and Paving Materials. Report of 
Committee D-4, 395. 

A Study of Plastic Mortar Cubes, by H. W. 
Leavitt. Report of Committee C-9, 
Appendix, 321. 

Tentative Method of Test for Soundness of 

Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate, 804. 


Portland- 


-Supyect Inpex, PArt I 


Tentative Revision of Standard Method of 
Making and Storing Compression Test 
Specimens of Concrete in the Field, 1315, 
Tentative Revisions of Standard Specifica- 
tions for: 

Concrete Sewer Pipe, 1311. 

Curing Portland-Cement Concrete Slabs 
by Surface Application of Calcium 
Chloride, 1313. 

Curing Portland-Cement Concrete Slabs 
with Calcium-Chloride Admixture, 
1312. 

Ready Mixed Concrete, 1313. 

Tentative Specifications for Concrete Ag- 

gregates, 792. 

Tentative Specifications for Lightweight 

Aggregate for Concrete, 798. 

Tentative Specifications and Methods of 

Test for Concrete Units for Non-Load- 

Bearing Masonry, 752. 7 


Condenser Tubes. 
Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser Tubes 
and Ferrule Stock, 684. 
Tentative Specifications for Seamless Cold- 
Drawn Intermediate Alloy-Steel Heat- 
Exchanger and Condenser Tubes, 601. 


Consistency. 

See also Viscosity. 

Symposium on Consistency: Critical Dis- 
cussion on Present-Day Practices in Con- 
sistency Measurement. Report of Com- 
mittee E-1, 512, 

Tentative Definitions of Terms Relating to 
Rheological Properties of Matter, 1300. 


Copper. 
See also Brass; Bronze. 
Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, 
208. 

Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metals, by Thomas A. Wright. 

Report of Committee E-2, Appendix, 538. 
Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 
Tentative Specifications for: 
Copper and Copper-Alloy Seamless Con- 
denser Tubes and Ferrule Stock, 684. 
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Copper-Silicon Alloy Wire for General 
Purposes, 689. 
Hard-Drawn Copper Alloy Wires for 
Electrical Conductors, 693. 


Copper-Bearing Steel. 

Corrosion of Iron and Steel. 
Committee A-5, 111. 

teport of the Wire Test Committee. Re- 
port of Committee A-5, 117. Appen- 
dix, 122. 

fentative Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Barbed Wire, 
643. 

Tentative Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Farm-Field 
and Railroad Right-of-Way Wire Fenc- 
ing, 646. 


Report of 


Copper-Covered Steel. 
Report of the Wire Test Committee. 
Report of Committee A-5, 117. Appen- 
dix, 122. 


Copper in Textiles. 
Tentative Method of Test for Volumetric 
Determination of Small Amounts of 
Copper in Textiles, 1240. 


Copper Wire. 

Copper and Copper Alloy Wires for Elec- 
trical Conductors. Report of Com- 
mittee B-1, 193. 

Tentative Methods of Testing Rubber 
Insulated Wire and Cable, 1166. 

Tentative Specifications for: 

Copper-Silicon Alloy Wire for General 
Purposes, 689. 

Hard-Drawn Copper Alloy Wires for 
Electrical Conductors, 693. 

Insulated Wire and Cable: Class AO, 
30 per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat-Resist- 
ing Rubber Compound, 1096. 

Insulated Wire and Cable: Performance 
Rubber Compound, 1109. 


Corrosion. 
See also Weathering. 
Corrosion of Iron and Steel. 
Committee A-5, 111. 
Corrosion of Non-Ferrous Metals and 
Alloys. Report of Committee B-3, 201. 


Report of 
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Cotton and Cotton Products. 


Cotton Fibers. 


Creep Tests. 
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Iron-Chromium, Iron-Chromium-Nickel 
and Related Alloys. Report of Commit- — 
tee, A-10, 153. 

Report of the Wire Test Committee. Re- 
port of Committee A-5, 117. Appendix, | 
122. 

Research. Report of Committee E-9, 549. 

Symposium on Corrosion Testing Proced- 
ures. Report of Committee A-5, 115. 


Tentative Definitions and Terms Relating © 
to Textile Materials, 1243. 
Tentative Methods of Test for: 
Identification of Fibers in Textiles and 
for the Quantitative Analysis of Tex- 
tiles, 1174. 
Properties of Cotton Fibers, 1189. 
Volumetric Determination of Small — 
Amounts of Copper in Textiles, 1240. _ 
Tentative Revision of Standard Methods of | 
Testing and Tolerances for Tire Cord, — 
Woven and on Cones, 1323. 
Tentative Specifications for Insulated Wire 
and Cable: Class AO, 30 per cent Hevea — 
Rubber Compound, 1070. 
Tentative Specifications for Insulated Wire | 
and Cable: Performance Rubber Com- — 
pound, 1109. 
Textile Materials. Report of Committee 
D-13, 481. 


Tentative General Methods of Test for 
Properties of Cotton Fibers, 1189. 5 


See also Temperature, Effect of. 

Discrepancies in the Load-Carrying Abili- 
ties of Carbon Steels at 850 F., by H. W. 
Gillett. Report of Joint Research Com- 
mittee on Effect of Temperature on the 


Properties of Metals, Appendix IV, 187. 
Discussion, 192. 
Effect of Temperature on the Properties of 


Metals. Report of Joint Research Com- 
mittee, 164. 
Report on Long-Time Creep Tests of 18 f 
per cent Chromium, 8 per cent Nickel i> 
Steel and 0.35 per cent Carbon Steel. 
Report of Joint Research Committee on 
Effect of Temperature on the Properties 
of Metals, Appendix III, 178. 
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Creep Tests (Continued): 

Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, Appendix I, 
518. 

Creosote. 

Tentative Method of Test for Tar Acids in 
Creosote and Creosote - Coal Tar Solu- 
tions, 832. 

Tentative Specifications for Creosote for 
Priming Coat with Coal-Tar Pitch in 
Damp-proofing and Waterproofing, 951. 

Crushing Strength. 
See Compression Testing. 
Cubes. 

Plastic Mortar Tests. Report of Working 
Committee, Committee C-1, 282. 

A Study of Plastic Mortar Cubes, by H. W. 
Leavitt. Report of Committee C-9, 
Appendix, 321. — 

Culvert Pipe. 

Concrete Pipe. Report 
337. 

Cupping Tests. 
Report on Usefulness and Limitation of 


of Committee C-13, 


Report of Committee E-1, Appendix I, 
518. 
Cuprous Oxide. 
Tentative Method of Routine Analysis of 
Dry Cuprous Oxide, 855. 
Tentative Revision of Standard Specifica- 
— for Curing Portland-Cement Con- 


§ Various Tests as Applied to Sheet Metals. 


crete Slabs by Surface Application of 
Calcium Chloride, 1313. 
Tentative Revision of Standard Specifica- 
cations for Curing Portland-Cement Con- 
erete Slabs with Calcium-Chloride Ad- 
mixture, 1312. 


D 
Damp-Proofing. 
See Waterproofing. 


Data, Presentation and Interpretation of. 

Methods of Testing. Report of Committee 
E-1, 508. 

A Study of Plastic Mortar Cubes, by H. W. 

Leavitt. Report of Committee C-9, 

Appendix, 321. 


SupyecT INDEX, PART I 


Definitions of Terms. 


See Nomenclature. 
Deleterious Substances. 
Tentative Specifications for Concrete Ag. 
gregates, 792. 


Detergents. 
See Soaps and Detergents. 


Deterioration Test. 
See also Aging Tests. 
Tentative Methods of Test for Changes in 
Properties of Rubber and Rubber-Like 
Materials in Liquids, 1148. 


Deval Abrasion Test. 

Tentative Method of Test for Abrasion of 

Gravel by Use of the Deval Machine, 921. 
Die Castings. 

Brass Die Castings, by J. C. Fox. Report 
of Committee B-6, Appendix I, 215. 

Die-Cast Metals and Alloys. Report of 
Committee B-6, 211. 

A Study of Die Design Changes for the Im- 
provement of the Soundness and Uni- 
formity of Test Bars, by G. L. Werley. 
Report of Committee B-6, Appendix II, 
223. 

Tentative Specifications for Aluminum- 
Base Alloy Die Castings, 705. 

Tentative Specifications for Magnesium- 
Base Alloy Die Castings, 708. 


Dielectric Strength. 

Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 
tee B-7, Appendix II, 261. 

Significance of Tests of Electrical Insulating 
Materials. Report of Committee D-9, 
Appendix II, 436. 

Tentative Methods of Testing: 

Flexible Varnished Tubing Used for 
Electrical Insulation, 1056. 

Pin-Type, Lime Glass Insulators, 1008. 

Solid Filling and Treating Compounds 
Used for Electrical Insulation, 988. 

Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation, 
1047. 

Tentative Specifications for Rubber Gloves 
for Electrical Workers on Apparatus or 
Circuits not Exceeding 3000 Volts to 
Ground, 1062. 
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Diesel Fuel Oil. 

Diesel-Fuel-Oil Classification. Report of 

Committee D-2, Appendix IV, 385. 
Distillation. 

Tentative Method of Test for Distillation 

of Plant Spray Oils, 875. : 
Dropping Point Test. 

Proposed Method of Test for Dropping 
Point of Lubricating Greases. Report of 
Committee D-2, Appendix I, 373. 

Ductility Test. 

Tentative Specifications for Rolled Zinc, 

698. 
Dudley Medal. 

Eleventh Award of Charles B. Dudley 
Medal. Summary of the Proceedings of 
the Fortieth Annual Meeting, 21. 


Effect of Temperature. 
See Temperature, Effect of. 


Elasticity. 
Modulus of Elasticity of Aluminum Alloys, 
by R. L. Templin and Sam Tour. Report 


of Committee B-7, Appendix I, 258. 


Electrical Flashover Test. 
Tentative Method of Testing Pin-Type, 
Lime Glass Insulators, 1008. 


Electrical Insulating Materials. 
See Insulating Materials. 


Electrical Resistance and Heating Alloys. 
Electrical-Heating, Electrical-Resistance 
and Electric-Furnace Alloys.” Report of 
Committee B-4, 203. Discussion, 207. 
Tentative Method of Test for Flexivity of 
Thermoflex (Thermostatic Metals), 711. 
Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 
Emulsions. 
Tentative Methods of Testing Films De- 
posited from Bituminous Emulsions, 955. 
Executive Committee. 
Annual Report of the Executive Commit- 
tee, 54. 
Exhibit, Testing Apparatus. 
Summary of Proceedings of the Fortieth 
Annual Meeting, 1 


Exposure Tests. 
See Corrosion; Weathering. 
Extraction, Methods of. 
Tentative Methods of Testing Asphalt Roll 
Roofing, Cap Sheets, and Shingles, 957. 


Fatigue. 

Fatigue of Metals. Report of the Research 
Committee, 157. 

Nomenclature for Various Ranges in Stress _ 
in Fatigue. Report of Research Com-- 
mittee on Fatigue of Metals, Appendix, 
159. Discussion, 162. 

Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, Appendix I, 
518. 

Felt. 

Tentative Methods of Testing Asphalt Roll 
Roofing, Cap Sheets, and Shingles, 957. 

Tentative Methods of Testing Wool Felt, 
1226. 

Tentative Specifications for: 

Asphalt Roofing Surfaced with Coarse 
Mineral Granules, 933. 

Asphalt Roofing Surfaced with Fine 
Mineral Granules, 937. ; 

Asphalt Roofing Surfaced with Powdered 
Talc or Mica, 941. 

Asphalt Shingles Surfaced with Coarse 
Mineral Granules, 945. 

Fencing. 

Report of the Wire Test Committee. 
port of Committee A-5, 117. 
122. 

Tentative Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Barbed Wire, 
643. 

Tentative Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Farm-Field 
and Railroad Right-of-Way Wire Fenc- 
ing, 646. 

Ferro-Alloys. 

Chemical Analysis of Metals. Report of 

Committee E-3, 543. 
Ferrule Stock. 

Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser Tubes 
and Ferrule Stock, 684. 
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Fibers. 
Tentative Methods of Test a 
Identification of Fibers in Textiles and 
for the Quantitative Analysis of Tex- 
tiles, 1174. 
Properties of Cotton Fibers, 1189. 
Rayon, 1202. 
Filler Metal. 

Tentative Specifications for Iron and Steel 
Filler Metal oo Electrodes and 
Gas-Welding Rods), 589. 

Finances. 

Annual Report of the Executive Commit- 
tee, 54. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 164. 

Fineness Modulus. 

Tentative Specifications for Concrete Ag- 

gregates, 792. 
Fineness Test. 

Fineness. Report of Working ¢ Committee, 
Committee C-1, 280. 

Tentative General Methods of Test for 
Properties of Cotton Fibers, 1189. 


Tentative Specifications and Methods of 
Test for Fineness of Wool Tops, 1218. 


Firebox Plate. 
Tentative Revisions of Standard Specifica- 
tions for: 
Boiler and Firebox Steel for Locomotives, 
1303. 
High Tensile Strength Carbon-Steel 
> Plates for Fusion-Welded Pressure 
Vessels (Plates over 2 in. to 4 in., 
Inclusive, in Thickness), 1304. 
High Tensile Strength Carbon-Steel 
Plates for Pressure Vessels (Plates 2 in. 
and Under in Thickness), 1303. 
Tentative Specifications for: 
Carbon-Silicon-Steel Plates of Ordinary 
Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels, 
565. 


Chrome-Manganese-Silicon (CMS) Al- 
loy-Steel Plates for Boilers and Other 


Pressure Vessels, 572. 
Low-Carbon-Nickel Steel Plates for Boil- 
ers and Other Pressure Vea, 577. 
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Molybdenum-Steel Plates for Boilers and 
Other Pressure Vessels, 582. 


Fire Brick. 
See Refractories. 
Fire Tests. 
Fire Tests of Materials and Construction, 
Report of Committee C-5, 305. 
Tentative Methods of Testing Flexible 
Varnished Tubing Used for Electrical 
Insulation, 1056. 
Tentative Specifications for Fire-Retardant 
Properties of Wood for Scaffolding and 
Shoring, 756. ” 


Flanges. 
Tentative for: 

Alloy-Steel Bolting Materials for High. 
Temperature Service from 750 to 1100 
F., Metal Temperatures, 616. 

Carbon-Silicon-Steel Plates of Ordinary 
Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels, 
565. 

Low-Carbon-Nickel Steel Plates for Boil- 
ers and Other Pressure Vessels, 577. 

Molybdenum-Steel Plates for Boilers and 
Other Pressure Vessels, 582. 


Flexivity Test. 
Tentative Method of Test for Flexivity of 
Thermoflex (Thermostatic Metals), 711. 


Flexure Testing. 

Tentative Methods of Test for Cold Crush- 
ing Strength and Modulus of Rupture of 
Refractory Brick and Shapes, 785. 

Tentative Methods of Testing Sheet and 
Plate Materials Used in Electrical Insula- 
tion, 1027. 


Floor Coverings. 
Tentative Methods of Testing Pile Floor 
Covering, 1235. 
Floor Tile. 
See Tile. 
Flow Test. 
Tentative Methods of Testing Films De- 
posited from Bituminous Emulsions, 955. 
Foots Determination. 
Tentative Specifications for Raw Soybean 


Oil, 860. 
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Forgings. 

Tentative Revision of Standard Specifica- 

tions for Wrought-Iron Rolled or Forged 
Blooms and Forgings, 1308. 


Friability Test. 
Tentative Method of Drop Shatter Test for 

Coal, 820. 
Tentative Method of Tumbler Test for 

Coal, 827. 


Fuel Oil. 

Diesel-Fuel-Oil Classification. Report of 
Committee D-2, Appendix IV, 385. 

Fuels of Today and Tomorrow. Annual 
Address by the President, Arno C. 
Fieldner, 31. 

Tentative Method for Conversion of Kin- 
ematic Viscosity to Saybolt Universal 
Viscosity, 911. 

Tentative Methods of Test for Kinematic 
Viscosity, 900. 

Tentative Standard Viscosity-Temperature 
Charts for Liquid Petroleum Products, 


Fuels. 
See Coal; Coke; Gaseous Fuels; Petro- 


leum Products. 
Galvanizing. 


Corrosion of Iron and Steel. 
Committee A-5, 111. 

Report of the Wire Test Committee. Re- 
port of Committee A-5, 117. Appendix, 
122. 

Tentative Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Barbed Wire, 
643. 

Tentative Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Farm-Field 
and Railroad Right-of-Way Wire Fenc- 
ing, 646. 

Fuels of Today and Tomorrow. Annual 
Address by the President, Arno C. 
Fieldner, 31. 


Gaseous Fuels. Report of Committee D-3, 
391, 


Report of 
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Gasoline. 

Fuels of Today and Tomorrow. Annual 
Address by the President, Arno C. 
Fieldner, 31. 

Natural Gasoline. Report of Subcom- 
mittee XXII, Committee D-2, 369. 

Tentative Method for Conversion of Kine- 
matic Viscosity to Saybolt Universal 
Viscosity, 911. 

Tentative Methods of Test for: 

Kinematic Viscosity, 900. 

Knock Characteristics of Motor Fuels, 
879. 

Vapor Pressure of Petroleum Products 
(Reid Method), 888. 

Tentative Specifications for Gasoline, 872. 

Tentative Standard Viscosity-Temperature 
Charts for Liquid Petroleum Products, 
914. 


Gas-Welding Rods. 

Tentative Specifications for Iron and Steel 
Filler Metal (Arc-Welding Electrodes and 
Gas-Welding Rods), 589. 

Geer Oven Test. 
See Aging Test. Ne: 
Glass. 

Tentative Method of Testing Pin-Type, 

Lime Glass Insulators, 1008. 


Glazed Building Units. 
Tentative Specifications for Glazed Build- 
ing Units, 736. 


Gloves. 

Tentative Specifications for Rubber Gloves 
for Electrical Workers on Apparatus or 
Circuits not Exceeding 3000 Volts to 
Ground, 1062. 


Gold. 
Standards and Pure Materials. Report of © 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metals, by Thomas A. Wright. 
Report of Committee E-2, Appendix, 538. 


Grain Size. 

See Metallography. 
Granite Block. 

See Block; Stone. 


Granular Mineral Surfacing. 
Mineral Surfacing Material. 
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Gravel. 

Tentative Methods of Test for: 

Abrasion of Coarse Aggregate by Use of 
the Los Angeles Machine, 801. 

Abrasion of Gravel by Use of the Deval 
Machine, 921. 

Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate, 
804. 

Tentative Specifications for Concrete Ag- 
gregates, 792. 

Tentative Specifications for Standard Sizes 

of Coarse Aggregates for Highway Con- 


Gray Iron. 
See Cast Iron. : 


Proposed Method of Test for Dropping 
Point of Lubricating Greases. Report of 
a. Committee D-2, Appendix I, 373. 


Grindability Test. 
Tentative Method of Test for Grindability 
of Coal by the Ball-Mill Method, 810. 
Tentative Method of Test for Grindability 
of Coal by the Hardgrove-Machine 
Method, 815. 


Gypsum. 
Gypsum. Report of Committee C-11, 335. 


H 


Hardness Testing. 

Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, Appendix I, 
518. 

Tentative Methods of Testing Sheet and 


- Plate Materials Used in Electrical Insu- 
lation, 1027. 


Heat-Resistant Alloys. 


See Electrical Resistance and Heating 
Alloys. 


Heat Treatment. —_" 
Tentative Specifications for: 
Aluminum-Base Alloy Permanent Mold 
Castings, 674. 
Aluminum-Base Alloy Sand Castings, 
678. 
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Carbon-Silicon-Steel Plates o Ordinary 
Tensile Ranges for Fusion-Weldej 
Boilers and Other Pressure Vessels 
565. 


Hiding Power. 

Methods of Analysis of Paint Materials, 
Report of Subcommittee VIII, Com. 
mittee D-1, 353. 

Tentative Method of Test for Relative Dry 
Hiding Power of Paints, 866. 

Tentative Method of Test for Relative Dry 
Hiding Power of White Pigments, 844. 


High Temperature Materials and Tests. 

_ Discrepancies in the Load-Carrying Abili- 
ties of Carbon Steels at 850 F., by H. W. 
Gillett. Report of Joint Research Com- 
mittee on Effect of Temperature on the 
Properties of Metals, Appendix IV, 187. 
Discussion, 192. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 164. 

Proposed Revision of Tentative Method of 
Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials 
(E 21-—34T). Report of Joint Research 
Committee on Effect of Temperature on 
the Properties of Metals, Appendix I, 
173. 

Report on Long-Time Creep Tests of 18 
per cent Chromium, 8 per cent Nickel 
Steel and 0.35 per cent Carbon Steel. 
Report of Joint Research Committee on 
Effect of Temperature on the Properties 
of Metals, Appendix III, 178. 

Tentative Method of Test for Flexivity of 
Thermoflex (Thermostatic Metals), 711. 

Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 

Tentative Revision of Standard Specifica- 
tions for Alloy-Steel Bolting Material for 
High-Temperature Service, 1306. 

Tentative Specifications for: 

Alloy-Steel Bolting Materials for High- 
Temperature Service from 750 to 1100 
F., Metal Temperatures, 616. 

Seamless Alloy-Steel Pipe for a 

Tem m 750 to 1100 F., 622. 
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Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for Service at Temperatures 
from 750 to 1000 F., 633. 

Seamless Cold-Drawn Intermediate 
Alloy-Steel Heat-Exchanger and Con- 
denser Tubes, 601. 

Seamless Intermediate Alloy-Steel Still 
Tubes for Refinery Service, 608. 


Hollow Tile. 
See Tile. 
Honorary Membership Awards. 
Award of Honorary Memberships. Sum- 
mary of Proceedings of the Fortieth 
Annual Meeting, 3. 
Hose. 
Tentative Methods of Testing Rubber 
Hose, 1153. 


Hydrostatic Test. 
Tentative Methods of Testing Rubber 
Hose, 1153. 


Ignition Quality. 
Diesel-Fuel-Oil Classification. Report of 
Committee D-2, Appendix IV, 385. 
Immaturity Count. 


Tentative General Methods of Test for 
Properties of Cotton Fibers, 1189. 


Immersion Tests. 
Corrosion of Iron and Steel. 
Committee A-5, 111. 


Report of 


Impact Test. 

Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, Appendix I, 
518. 


Significance of Tests of Electrical Insulat- 
ing Materials. Report of Committee 
D-9, Appendix II, 436. 

A Study of Die Design Changes for the 
Improvement of the Soundness and Uni- 
formity of Test Bars, by G. L. Werley. 
Report of Committee B-6, Appendix IT, 
223. 

Tentative Method of Drop Shatter Test 
for Coal, 820. 

Industrial Waters. 

See Boiler Feedwater; Water. 


Insulating Materials. 


Electrical Insulating Materials. Report of | 

Committee D-9, 424. 

Proposed Revisions in Standards for Biec- 
trical Insulating Materials. Report of 

Committee D-9, Appendix I, 430. 

Significance of Tests of Electrical Insulating 
Materials. Report of Committee D9, 
Appendix II, 436. 

Tentative Methods of Testing: 

Flexible Varnished Tubing Used for Elec- 
trical Insulation, 1056. 

Insulation Resistance of Electrical Insu- 
lating Materials, 1016. 

Pin-Type, Lime Glass Insulators, 1008. 

Rubber Insulated Wire and Cable, 1166. 

Sheet and Plate Materials Used in Elec- 
trical Insulation, 1027. 

Shellac Used for Electrical Insulation, 
1041. 

Solid Filling and Treating Compounds 
Used for Electrical Insulation, 988. 

Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation, 
1047. 

Tentative Revision of Standard Methods of 

Testing Electrical Insulating Oils, 1324. 

Tentative Revision of Standard Methods of 
Testing Electrical Porcelain, 1324. 

Tentative Specifications for: 

Black Bias-Cut Varnished Cloth Tape 
Used for Electrical Insulation, 979. 

Flexible Varnished Tubing Used in Elec- 
trical Insulation, 985. 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat-Resist- 
ing Rubber Compound, 1096. 

Insulated Wire and Cable: Performance 
Rubber Compound, 1109. 

Phenolic Laminated Sheet for Radio 
Applications, 973. 

Rubber Gloves for Electrical Workers on 

Apparatus or Circuits not Exceeding 
3000 Volts to Ground, 1062. 


— 
odine Number. 


Tentative Specifications for Raw Soybean 
Oil, 860. 
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See also Alloy Steel; Cast Iron; Malleable 
Iron; Steel; Wrought Iron. 

Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metals, by Thomas A. 
Wright. Report of Committee E-2, 

Appendix, 538. 


Iron-Chromium-Nickel Alloys. 
See Alloy Steel; Chromium-Nickel Alloys. 


K 


Kinematic Viscosity. 

Method for Converting Kinematic Vis- 

cosity to Saybolt Universal Viscosity, by 

6 E. Headington and J. C. Geniesse. 
Report of Committee D-2, Appendix ITI, 
380. 

Tentative Method for Conversion of Kine- 
matic Viscosity to Saybolt Universal 
Viscosity, 911. 

Tentative Methods of Test for Kinematic 
Viscosity, 900. 

Tentative Standard Viscosity-Temperature 
Charts for Liquid Petroleum Products, 
914. 


Knock Characteristics. 
Tentative Method of Test for Knock Char- 
acteristics of Motor Fuels, 879. 


L 


Laboratory Inspection. 
Cement Reference Laboratory. Report of 
Subcommittee, Committee C-1, 288. 


Lacquers. 
Paint, Varnish, 
Products. 
339, 


Lead. 
Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metal's, by Thomas A. 
Wright. Report of Committee E-2, 
Appendix, 538. 


Lead-Coated Steel. 
Report of the Wire Test Committee. 


Report of Committee A-5, 117. Appen- 
122. 


Lacquer, and Related 
Report of Committee D-1, 


Life Tests. 
See Aging Test. 
Light Metals. 
See Aluminum; Magnesium. 
Lightweight Aggregates. 
Tentative Specifications for Lightweight 
Aggregate for Concrete, 798. 
Lithopone. 
Tentative Method of Test for Relative Dry 
Hiding Power of White Pigments, 844. 
Tentative Revision of Standard Specifica- 
tions for Lithopone, 1316. 


Los Angeles Abrasion Test. 

Tentative Method of Test for Abrasion of 
Coarse Aggregate by Use of the Los 
Angeles Machine, 801. 

Lubricants. q 

See Petroleum Products. 4 


M 
Magnesium. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 255. 

Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 

Super-Purity Metals, by Thomas A. 
Wright. Report of Committee E-2, 
Appendix, 538. 

Tentative Specifications for Magnesium- 
Base Alloy Die Castings, 708. 

Magnesium Pigments. 

Tentative Specifications for Titanium- 
Magnesium Pigment, 840. 

Tentative Specifications for Zinc Sulfide 
Magnesium Pigment, 842. 

Magnesium Sulfate Test. 

Tentative Method of Test for Soundness of 
Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate, 804. 

Malleable Iron. 

Malleable Iron Castings. 

mittee A-7, 151. 
Manganese. 

Methods of Chemical Analysis of Portland 
Cement. Report of Working Commit- 
tee, Committee C-1, 284. 

Manganese Bronze. 

Tentative Revision of Standard Specifica- 
tions for Manganese-Bronze Ingots for 
Sand Castings, 1310. 


Report of Com- 


Tron. 
| 
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Tentative Revision of Standard Specifica- 
tions for Manganese-Bronze Sand Cast- 
ings, 1311. 

Masonry Building Units. 

See also Brick; Tile. : 

Brick. Report of Committee C. 3, 300. 

Hollow Masonry Building Units. Report 
of Committee C-10, 333. 

Tentative Specifications and Methods of 
Test for Concrete Units for Non-Load- 
Bearing Masonry, 752. 

Mechanical Analysis. 

Tentative Methods of Test for: 

Coarse Particles in Mixtures of Asphalt 
and Mineral Matter, 953. 

Drop Shatter Test for Coal, 820. 

Sieve Analysis of Granular Mineral Sur- 
facing for Asphalt Roofing 
Shingles, 965. 

Sieve Analysis of Non-Granular Mineral 
Surfacing for Asphalt Roofing and 
Shingles, 969. 

Tumbler Test for Coal, 827. 

Tentative Specifications for Concrete Ag- 
gregates, 792. 

Tentative Specifications for Standard Sizes 
of Coarse Aggregates for Highway Con- 
struction, 918. 

Medal Award. 

Eleventh Award of Charles B. Dudley 
Medal. Summary of the Proceedings of 
the Fortieth Annual Meeting, 21. 

Membership. 

Annual Report of the Executive Commit- 

tee, 54. 
Metallography. 

Metallography. Report of Committee E-4 
546. 

Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 
tee B-7, Appendix II, 261. 

A Study of Die Design Changes for the 
Improvement of the Soundness and 
Uniformity of Test Bars, by G. L. 
Werley. Report of Committee B-6, 
Appendix II, 223. 

Methods of Testing. 
See Testing, Physical Methods of. 
Mica. 
Fantative Method of Test for Sieve Analy- 


and 
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sis of Non-Granular Mineral Surfacing 
for Asphalt Roofing and Shingles, 969. 
Microscopic Tests. 

Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 
tee B-7, Appendix II, 261. 

Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, Appendix I, 
518. 

Tentative General Methods of Test for 
Properties of Cotton Fibers, 1189. 

Tentative Methods for the Identification of 
Fibers in Textiles and for the Quantita- 
tive Analysis of Textiles, 1174. 

Tentative Methods of Testing and Toler- 
ances for Rayon, 1202. 

Tentative Specifications and Methods of 
Test for Fineness of Wool Tops, 1218. 

Mineral Surfacing Material. 

Tentative Method of Test for Sieve Analy- 
sis of Granular Mineral Surfacing for 
Asphalt Roofing and Shingles, 965. 

Tentative Method of Test for Sieve Analy- 
sis of Non-Granular Mineral Surfacing 
for Asphalt Roofing and Shingles, 969. 

Mobility. 

Tentative Definitions of Terms Relating to 

Rheological Properties of Matter, 1300. 
Modified Soda. 

Proposed Methods of Chemical Analysis of 
Special Detergents. Report of Commit- 
tee D-12, Appendix II, 477. 

Tentative Specifications for Modified Soda 
(Sesquicarbonate Type), 1261. 

Modulus of Elasticity. 

Modulus of Elasticity of Aluminum Alloys, 
by R. L. Templin and Sam Tour. Report 
of Committee B-7, Appendix I, 258. 

Yield Strengths Corresponding to Small 
Percentages of Set. Report of Commit- 
tee E-1, Appendix II, 523. 

Molded Insulating Materials. < 

See Insulating Materials. 

Molybdenum Steel. 

Tentative Specifications for: 

Alloy-Steel Bolting Materials for High- 
Temperature Service from 750 to 
1100 F., Metal Temperatures, 616. 
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Molybdenum Steel (Continued): 

Molybdenum-Steel Plates for Boilers and 
Other Pressure Vessels, 582. 

Seamless Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1100 F., 622. 

Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for Service at Temperatures 
from 750 to 1000 F., 633. 

Seamless Cold-Drawn Intermediate 
Alloy-Steel Heat-Exchanger and Con- 
denser Tubes, 601. 

Seamless Intermediate Alloy-Steel Still 
Tubes for Refinery Service, 608. 

Mortars. 

Plastic Mortar Tests. Report of Working 
Committee, Committee C-1, 282. 

A Study of Plastic Mortar Cubes, by H. W. 
Leavitt. Report of Committee C-9, 
Appendix, 321. 

Tentative Method of Test for Compressive 
Strength of Portland-Cement Mortars, 726. 

Motor Fuel. 
See Fuel 
Products. 
Motor Lubricants. 
See Petroleum Products. 
Muntz Metal. 

Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser Tubes 
and Ferrule Stock, 684. | 


N 


Oil; Gasoline; Petroleum 


Naval Stores. 

Acid and Saponification Number and Un- 
saponifiable Matter. Report of Sub- 
committee IV, Committee D-17, 503. 

Naval Stores. Report of Committee D-17,501. 

Tentative Method of Test for Acid Number 
of Rosin, 835. 

Tentative Method of Test for Saponifica- 
tion Number of Rosin, 836. 

Neutralization. 

Acid and Saponification Number and Un- 
saponifiable Matter. Report of Sub- 
committee IV, Committee D-17, 503. 

Tentative Method of Test for Acid Number 
of Rosin, 835. 

Tentative Specifications for Raw Soybean 
Oil, 860. 

Nickel. 

Standards and Pure Materials. Report of 

Subcommittee V, Committee E-2, 531. 
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Super-Purity Metals, by Thomas 4, 


Wright. Report of Committee E-?, 
Appendix, 538. 
Nickel Steel. 
See also Alloy Steel; Chromium-Nicke| 
Alloys. 


Tentative Specifications for Low-Carbon. 
Nickel Steel Plates for Boilers and Other 
Pressure Vessels, 577. 

Tentative Specifications for Seamless Alloy- 
Steel Pipe for Service at Temperatures 
from 750 to 1100 F., 622. 


Nomenclature. 

Nomenclature for Various Ranges in Stress 
in Fatigue. Report of Research Com. 
mittee on Fatigue of Metals, Appendix, 
159. Discussion, 162. 

Tentative Definitions of Terms Relating to: 
Refractories, 790. 

Rheological Properties of Matter, 1300. 
Soaps and Detergents, 1289. 
Textile Materials, 1243. 

Tentative revision of definition of water-gas 
tar, Standard Definitions of Terms Re- 
lating to Timber Preservatives, 1327. 


Oo 
Octane Number. 
Tentative Method of Test for Knock Char- 
acteristics of Motor Fuels, 879. 


Oils. 
See Creosote; Fuel Oil; Paint Vehicles; 
Petroleum Products; Transformer Oils. 


Ostwald Viscosimeter. 
Tentative Methods of Test for Kinematic 
Viscosity, 900. 
Oxide Coatings. 
Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 
tee B-7, II, 261. 


Paints. 

See also Lacquers; Paint Vehicles; Pig- 
ments; Shellac; Varnish. 

Accelerated Tests for Protective Coatings. 
Report of Subcommittee VII, Committee 
D-1, 350. 

Methods of Analysis of Paint Materials. 


Report of Subcommittee VIII, Commit- 


tee D-1, 353. 
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Paint, Varnish, Lacquer, and Related 
Products. Report of Committee D-1, 
339. 

Symposium on Correlation Between Accel- 
erated Laboratory Tests and Service 
Tests on Protective and Decorative 
Coatings. Report of Committee D-1, 339. 

Tentative Method of Test for Relative 
Dry Hiding Power of Paints, 866. 

Tentative Method of Test for Spectral 
Apparent Reflectivity of Paints, 869. 

Paint Vehicles. 

Tentative Revision of Standard Specifica- 
tions for Perilla Oil, Raw or Refined; and 
for Raw Tung Oil, 1317. 

Tentative Specifications for Raw Soybean 
Oil, 860. 

Testing of Paint Vehicles. Report of Sub- 
committee III, Committee D-1, 347. 

Papers and Publications. 

Annual Report of the Executive Commit- 
tee, 54. 

Summary of the Proceedings of the Fortieth 
Annual Meeting, 1. 

Paving Materials. 

See Aggregates; Asphalt; Concrete; Road 
Materials. 

Perilla Oil. 

Tentative Revision of Standard Specifica- 
tions for Perilla Oil, Raw or Refined, 
1317. 

Testing of Paint Vehicles. Report of Sub- 
committee III, Committee D-1, 347. 

Permanent Mold Castings. 

Tentative Specifications for Aluminum- 
Base Alloy Permanent Mold Castings, 
674. 

Tentative Specifications for Aluminum- 
Base Alloys in Ingot Form for Permanent 
Mold Castings, 671. 

Petroleum Products. 

Diesel-Fuel-Oil Classification. Report of 
Committee D-2, Appendix IV, 385. 

Fuels of Today and Tomorrow. Annual 
Address by the President, Arno C. 
Fieldner, 31. 

Method for Converting Kinematic Viscosity 
to Saybolt Universal Viscosity, by C. E. 
Headington and J. C. Geniesse. Report 
of Committee D-2, Appendix III, 380. 


Natural 
tee XXII, Committee D-2, 369. 

Petroleum Products and Lubricants. Re- 
port of Committee D-2, 360. 

Petroleum Products and Lubricants. Re- 
port of Sectional Committee, 389. 

Proposed Method of Test for Dropping 


Tentative Methods of Test for: 


SuBJECT INDEx, Part I 1347 


Report of Subcommit- 


Point of Lubricating Greases. Report of 


Committee D-2, Appendix I, 373. 
Proposed Method of Test for Unsulfonated 


Residue of Plant Spray Oils. Report of 
Committee D-2, Appendix II, 375. 


Tentative Method for Conversion of Kine- 


matic Viscosity to Saybolt Universal 
Viscosity, 911. 
Distillation of Plant Spray Oils, 875. 
Kinematic Viscosity, 900. 
Knock Characteristics of Motor Fuels, 
879. 
Vapor Pressure of Petroleum Products 
(Reid Method), 888. 


Tentative Revision of Standard Method of 


Test for Viscosity by Means of the Say- 
bolt Viscosimeter, 1320. 


Tentative Specifications for Gasoline, 872. 
Tentative Viscosity-Temperature Charts 


for Liquid Petroleum Products, 914. 


Turbine Oils. Report of Subcommittee XI, 


Committee D-2, 367. 


Phenolic Sheet. 
Tentative Specifications for Phenolic Lam- 


inated Sheet for Radio Applications, 973. 


Phosphorus. 
Methods of Chemical Analysis of Portland 


Cement. Report of Working Committee, 
Committee C-1, 284. 


Pigments. 
See also Paints. 
Methods of Analysis of Paint Materials. 


Report of Subcommittee VIII, Commit- 
tee D-1, 353. 


Paint, Varnish, Lacquer, and Related 


Products. Report of Committee D-1, 


339, 


Tentative Method of Routine Analysis of 


Dry Cuprous Oxide, 855. 


Tentative Method of Test for Relative Dry 


Hiding Power of White Pigments, 844. — 
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Pigments (Continued): 
Tentative Methods of Routine Analysis of 
Zinc Yellow Pigment (Zinc Chromate 
Yellow), 849. 
Tentative Revisions of Standard Specifica- 
Lithopone, 1316. 
_ Zinc Oxide, 1316. 
Zinc Sulfide, 1316. 
Tentative Specifications for: 
Basic Sulfate White Lead, 838. 
Titanium-Magnesium Pigment, 840. 
: Zinc Sulfide Magnesium Pigment, 842. 
Pile Floor Covering. 

Tentative Methods of Testing Pile Floor 

Covering, 1235. 
Pine. 

See Timber. 

Pipe and Piping Materials. 

See also Tubes. 

Concrete Pipe. Report of Committee C-13, 
337. 

Tentative Method of Test for Short-time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 

Tentative Revision of Standard Specifica- 
tions for Welded Wrought-Iron Pipe, 
1308. 

Tentative Specifications for: 

Copper and Copper-Alloy Seamless Con- 
denser Tubes and Ferrule Stock, 684. 
Tron and Steel Filler Metal (Arc-Welding 
Electrodes and Gas-Welding Rods), 
589. 
Seamless Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1100 F., 622. 
Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for Service at Temperatures 

from 750 to 1000 F., 633. 

Wrought-Iron Rivets and Rivet Rounds, 
Pitch. 

Bituminous Waterproofing and Roofing 
Materials. Report of Committee D-8, 413. 

Tentative Specifications for Coal-Tar Pitch 
for Roofing, Damp-proofing and Water- 
proofing, 948. 

Tentative Specifications for Creosote for 

Priming Coat with Coal-Tar Pitch in 

Damp-proofing and Waterproofing, 951. 
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Plant Spray Oils. 
Proposed Method of Test for Unsulfonated 
Residue of Plant Spray Oils. Report of 

Committee D-2, Appendix II, 375. 

Tentative Method of Test for Distillation 
of Plant Spray Oils, 875. 

Plasticity. 

Tentative Definitions of Terms Relating to 
Rheological Properties of Matter, 1300, 

Plastic Mortar Test. 

Plastic Mortar Tests. Report of Working 
Committee, Committee C-1, 282. 

A Study of Plastic Mortar Cubes, by H. W, 
Leavitt. Report of Committee C-9, 
Appendix, 321. 

Tentative Method of Test for Compressive 
Strength of Portland-Cement Mortars, 
726. 

Plates. 

See also Sheets. 

Tentative Methods of Testing Sheet and 
Plate Materials Used in Electrical In. 
sulation, 1027. 

Tentative Revisions of Standard Specifica- 
tions for: 

Boiler and Firebox Steel for Locomotives, 
1303. 

High Tensile Strength Carbon-Steel 
Plates for Fusion-Welded Pressure 
Vessels (Plates over 2 in. to 4 in, 
Inclusive, in Thickness), 1304. 

High Tensile Strength Carbon-Steel 
Plates for Pressure Vessels (Plates 2 in. 
and Under in Thickness), 1303. 

Tentative Specifications for: 

Carbon-Silicon-Steel Plates of Ordinary 
Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels, 
565. 

Chrome-Manganese-Silicon (CMS) Alloy- 
Steel Plates for Boilers and Other Pres- 
sure Vessels, 572. 

Iron and Steel Filler Metal (Arc-Welding 
Electrodes and Gas-Welding Rods), 
589. 

Low-Carbon-Nickel Steel Plates for 
Boilers and Other Pressure Vessels, 
377. 

Rolled Zinc, 698. 

Wrought-Iron Plates, 653. 
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Platinum. 

Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 

Super-Purity Metals, by Thomas A. 
Wright. Report of Committee E-2, 
Appendix, 538. 

Polymerization Time Test. 

Tentative Methods of Testing Shellac Used 

for Electrical Insulation, 1041. 
Porcelain. 
Tentative Revision of Standard Methods of 
Testing Electrical 1324. 
Portland Cement. 
See Cement. 
Pothead Compounds. 

Tentative Methods of Testing Solid Filling 
and Treating Compounds Used for Elec- 
trical Insulation, 988. 

Precision. 

Round-Table Discussion on Precision and 
Accuracy. Summary of Proceedings of 
the Fortieth Annual Meeting, 3. 

Presidential Address. 

Fuels of Today and Tomorrow. 
Address by the President, 
Fieldner, 31. 


Annual 
Arno C. 


Pressure Vessel Materials. 
See Boiler Materials. oS 
Protective Coatings. 


See Corrosion; Galvanizing; 
Paints; Pigments; Shellac; 
Preservatives; Varnish. 

Publications. 
See Papers and Publications. 


Lacquers; 
Timber 


Radiographs. 

A Study of Die Design Changes for the Im- 
provement of the Soundness and Uni- 
formity of Test Bars, by G. L. Werley. 
Report of Committee B-6, Appendix II, 
223. 

Radio Spaghetti. 

Tentative Methods of Testing Flexible 
Varnished Tubing Used for Electrical 
Insulation, 1056. 

Tentative Specifications for Flexible Var- 
nished Tubing Used in Electrical Insula- 
tion, 985. 

Rattler Test. 

Tentative Specifications for Paving Brick, 

740. 


Rayon. 

Tentative Definitions and Terms Relating 
to Textile Materials, 1243. 

Tentative Methods for the Identification of 
Fibers in Textiles and for the Quantita- 
tive Analysis of Textiles, 1174. 

Tentative Methods of Testing and Toler- 
ances for Rayon, 1202. 

Textile Materials. Report of Committee 
D-13, 481. 

Ready Mixed Concrete. 

Tentative Revision of Standard Specifica- 

tions for Ready Mixed Concrete, 1313. 


Reflectivity. 


Tentative Method of Test for Spectral 

Apparent Reflectivity of Paints, 869. 
Refractories. 

Refractories. Report of Committee C-8, 307. 

Tentative Definitions of Terms Relating to 
Refractories, 790. 

Tentative Methods of Chemical Analysis of 
Refractory Materials, 760. 

Tentative Methods of Test for Cold Crush- 
ing Strength and Modulus of Rupture of 
Refractory Brick and Shapes, 785. 

Reid Vapor Pressure Test. 

Natural Gasoline. Report of Subcommit- 
tee XXII, Committee D-2, 369. 

Tentative Method of Test for Vapor Pres- 
sure of Petroleum Products (Reid 
Method), 888. 

Research. 

Annual Report of the Executive Commit- 
tee, 54. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 164. 

Fatigue of Metals. 
Committee, 157. 

Report on Long-Time Creep Tests of 18 per 
cent Chromium, 8 per cent Nickel Steel 
and 0.35 per cent Carbon Steel. Report 
of Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Appendix III, 178. 

Research. Report of Committee E-9, 549. 

Yield Point of Structural Steel. Report of 
Research Committee, 87. Discussion, 101. 

Resistance Alloys. 

See Electrical Resistance and Heating 

Alloys. 


Report of the Research 
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Resistivity Tests. 

Significance of Tests of Electrical Insula- 

ting Materials. Report of Committee 
D-9, Appendix II, 436. 

Tentative Methods of Test for Insulation 
Resistance of Electrical Insulating Mate- 
rials, 1016. 

Tentative Methods of Testing Solid Filling 
and Treating Compounds Used for Elec- 
trical Insulation, 988. 

Revisions. 

(Revisions of Standards and Tentative 
Standards are given in the reports of the 
standing committees responsible and are 
also indexed under the subjects covered 
by them.) 

Rivets. 

Tentative Revision of Standard Specifica- 
tions for Structural Rivet Steel, 1305. 

Tentative Specifications for Chrome-Man- 
ganese-Silicon (CMS) Alloy-Steel Plates 
for Boilers and Other Pressure Vessels, 
S72. 

Tentative Specifications for Wrought-Iron 
Rivets and Rivet Rounds, 659. 

Road Materials. 

See also Aggregates; Asphalt; Concrete. 

(Items on road materials are also indexed 
under the materials and subjects covered 
by them.) 

Road and Paving Materials. 
Committee D-4, 395. 

Roofing. 
Bituminous Waterproofing and Roofing 
Materials. Reportof Committee D-8, 413. 
Tentative Methods of Test for: 

Asphalt Roll Roofing, Cap Sheets, and 
Shingles, 957. 

Sieve Analysis of Granular Mineral Sur- 
facing for Asphalt Roofing and Shin- 


Report of 


gles, 965. 
- Sieve Analysis of Non-Granular Mineral 
Surfacing for Asphalt Roofing and 
Shingles, 969. 
Tentative Specifications for: 
Asphalt Cap Sheet Surfaced with Coarse 
Mineral Granules, 924. 
Asphalt for Damp-proofing and Water- 
proofing, 927. 
Asphalt for Use in Constructing Built-Up 
Roof Coverings, 930. 
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Asphalt Roofing Surfaced with Coary 

Mineral Granules, 933. 

Asphalt Roofing Surfaced with Fine 
Mineral Granules, 937. 

Asphalt Roofing Surfaced with Powdered 
Talc or Mica, 941. 

Asphalt Shingles Surfaced with Coarse 
Mineral Granules, 945. 

Coal-Tar Pitch for Roofing, Damp-proof. 
ing and Waterproofing, 948. 

Rosin. 

Acid and Saponification Number and Un. 
saponifiable Matter. Report of Sub. 
committee IV, Committee D-17, 503. 

Naval Stores. Report of Committee D-17, 
501. 

Tentative Method of Test for Acid Number 
of Rosin, 835. 

Tentative Method of Test for Saponifica- 
tion Number of Rosin, 836. 

Rubber Products. 

Rubber Products. 
D-11, 444. 

Tentative Methods of Test for: 

Abrasion Resistance of Rubber Com- 
pounds, 1134. 

Air Pressure Heat Test of Vulcanized 
Rubber, 1122. 

Changes in Properties of Rubber and 
Rubber-Like Materials in Liquids, 
1148. 

Compression Set of Vulcanized Rubber, 
1127. 

Rubber Hose, 1153. 

Rubber Insulated Wire and Cable, 1166. 

Sheet and Plate Materials Used in Elec- 
trical Insulation, 1027. 

Tentative Specifications for: 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat-Resist- 
ing Rubber Compound, 1096. 

Insulated Wire and Cable: Performance 
Rubber Compound, 1109. 

Rubber Gloves for Electrical Workers on 

Apparatus or Circuits not Exceeding 
3000 Volts to Ground, 1062. 


Sampling. Ss 
(Methods of sampling are indexed under the 
materials and subjects covered by them.) 


Report of Committee 
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Sand. 

See also Aggregates. 

Tentative Method of Test for Soundness of 
Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate, 804. 

Tentative Specifications for Concrete Ag- 
gregates, 792. 

Saponification Number. 

Acid and Saponification Number and Un- 
saponifiable Matter. Report of Sub- 
committee IV, Committee D-17, 503. 

Tentative Method of Test for Saponifica- 
tion Number of Rosin, 836. 

Tentative Specifications for Raw Soybean 
Oil, 860. 

Saybolt Viscosity. 

Method for Converting Kinematic Vis- 
cosity to Saybolt Universal Viscosity, by 
C. E. Headington and J. C. Geniesse. 
Report of Committee D-2, Appendix ITI, 
380. 

Tentative Method for Conversion of Kin- 
ematic Viscosity to Saybolt Universal 
Viscosity, 911. 

Tentative Revision of Standard Method of 
Test for Viscosity by Means of the Say- 
bolt Viscosimeter, 1320. 

Tentative Viscosity-Temperature Charts 
for Liquid Petroleum Products, 914. 

Scaffolding. 

Fire Tests of Materials and Construction. 
Report of Committee C-5, 305. 

Tentative Specifications for Fire-Retardant 
Properties of Wood for Scaffolding and 
Shoring, 756. 

Sea Water Corrosion. 

See Corrosion; Immersion Tests. 

Set Test. —_ 

Tentative Methods of Testing Rubber 
Hose, 1153. 

Sewer Brick. 


Tentative Specifications for Sewer Brick . 


(Made from Clay or Shale), 749. 
Sewer Pipe. 
Tentative Revision of Standard Specifica- 
tions for Concrete Sewer Pipe, 1311. 
Shapes. 
Tentative Specifications for Rolled 
Wrought-Iron Shapes and Bars, 664. 
Shatter Test. 
Tentative Method of Drop Shatter Test 
for Coal, 820. 


Shear or Punching Tests. - 

Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, Appendix I, 
518. 

Tentative Method of Test for Compression 
Set of Vulcanized Rubber, 1127. 

Sheets. 

See also Plates. 

Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, Appendix I, 
518. 

Tentative Methods of Testing Sheet and 
Plate Materials Used in Electrical Insula- 
tion, 1027. 

Tentative Revision of Standard Specifica- 
tions for Uncoated Wrought-Iron Sheets, 
1310. 

Tentative Revision of Standard Specifica- 
tions for Zinc-Coated (Galvanized) 
Wrought-Iron Sheets, 1310. 

Tentative Specifications for: 

Asphalt Cap Sheet Surfaced with Coarse 
Mineral Granules, 924. 
Phenolic Laminated Sheet for Radio 


Rolled Zinc, 698. 

Shellac. 

Tentative Methods of Testing Shellac Used 
for Electrical Insulation, 1041. 

Tentative Revision of Standard Methods of 
Sampling and Testing Shellac, 1320. 

Shingles. 

Bituminous Waterproofing and Roofing 
Materials. Report of Committee D-8, 
413. 

Tentative Methods of Test for: 

Asphalt Roll Roofing, Cap Sheets, and 
Shingles, 957. 

Sieve Analysis of Granular Mineral Sur- 
facing for Asphalt Roofing and Shin- 
gles, 965. 

Sieve Analysis of Non-Granular Mineral 
Surfacing for Asphalt Roofing and 
Shingles, 969. 

Tentative Specifications for Asphalt Roof- 
ing Surfaced with Coarse Mineral Gran- 
ules, 933. 

Tentative Specifications for Asphalt Shin- 
gles Surfaced with Coarse Mineral Gran- 
ules, 945. 
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3 Shoring. . a tions for Shovel-Run or Crusher-Ryp Soy 

Fire Tests of Materials and Construction. Broken Slag for Waterbound Base, 132}, q 
Report of Committee C-5, 305. Tentative Specifications for: 

Tentative Specifications for Fire-Retardant Concrete Aggregates, 792. 7 
Properties of Wood for Scaffolding and Lightweight Aggregate for Concrete, 79 
Shoring, 756. Standard Sizes of Coarse Aggregate for Spe 

Shrinkage Test. Highway Construction, 918. ( 

Tentative Methods of Testing and Toler- Slate. 
ances for Certain Wool and Part Wool Tentative Method of Test for Sieve Anal. Spe 
Fabrics, 1231. ysis of Granular Mineral Surfacing for é' 

7 Sieves. Asphalt Roofing and Shingles, 965. 

Tentative Method of Test for Sieve Anal- Soaps and Detergents. Sp 
ysis of Granular Mineral Surfacing for Proposed Methods of Chemical Analysis of 
Asphalt Roofing and Shingles, 965. Special Detergents. Report of Commit. 

Tentative Method of Test for Sieve Anal- tee D-12, Appendix II, 477. 
ysis of Non-Granular Mineral Surfacing Proposed Methods of Chemical Analysis of 
for Asphalt Roofing and Shingles, 969. Sulfonated (Sulfated) Oils. Report of 

Silicon Steel. Committee D-12, Appendix I, 457. 
Tentative Specifications for: Soaps and Detergents. Report of Com- 
¥ Carbon-Silicon-Steel. Plates of Ordinary mittee D-12, 454. Sy 
; Tensile Ranges for Fusion-Welded Tentative Definitions of Terms Relating to 
Boilers and Other Pressure Vessels, Soaps and Detergents, 1289. 
565. Tentative Methods of Sampling and Chem- 
Chrome-Manganese-Silicon (CMS) Al- ical Analysis of Soaps and Soap Products, S 
loy-Steel Plates for Boilers and Other 1266. 
Pressure Vessels, 572. Tentative Specifications for: 7 | 
Seamless Alloy-Steel Pipe for Service at Caustic Soda, 1260. S 
Temperatures from 750 to 1100 F., 622. Milled Toilet Soap, 1264. 
Silk. Modified Soda (Sesquicarbonate Type), S 

Tentative Definitions and Terms Relating *1261. 
to Textile Materials, 1243. Soda Ash, 1262. | 

Tentative Methods for the Identification of Soda Ash. 

- Fibers in Textiles and for the Quantita- Proposed Methods of Chemical Analysis of 
- tive Analysis of Textiles, 1174. Special Detergents. Report of Commit- 
a Silver. ‘ tee D-12, Appendix II, 477. 

Standards and Pure Materials. Report of Tentative Specifications for Soda Ash, 1262. 

Subcommittee V, Committee E-2, 531. Sodium Sulfate. 

Super-Purity Metals, by Thomas A. Tentative Method of Test for Soundness of | 
Wright. Report of Committee E-2, Aggregates by Use of Sodium Sulfate or 
Appendix, 538. Magnesium Sulfate, 804. 

Slag. Softening Point. 

Tentative Method of Test for Abrasion of - Proposed Method of Test for Dropping 
Coarse Aggregate by Use of the Los Point of Lubricating Greases. Report of 
Angeles Machine, 801. Committee D-2, Appendix I, 373. 

Tentative Method of Test for Soundness of Tentative Revision of Standard Method of 
Aggregates by Use of Sodium Sulfate or Test for Softening Point of Tar Products 
Magnesium Sulfate, 804. (Cube-in-Water Method), 1321. 


Tentative Revision of Standard Specifica- Soundness. 
tions for Broken Slag for Waterbound Tentative Method of Test for Soundness of 


Base and Wearing Course, 1321. Aggregates by Use of Sodium Sulfate or 
Tentative Revision of Standard Specifica- : 


Magnesium Sulfate, 804. 


ysis of 
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Tentative Specifications for Raw Soybean 
Oil, 860. 
Testing of Paint Vehicles. Report of Sub- 
committee III, Committee D-1, 347. 
Specifications. 
(Specifications are indexed under the mate- 
rials and subjects covered by them.) 
Spectral Apparent Reflectivity. 
Tentative Method of Test for Spectral 
Apparent Reflectivity of Paints, 869. 
Spectrographic Analysis. 
Spectrographic Analysis. 
mittee E-2, 528. 
Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metals, by Thomas A. 
Wright. Report of Committee E-2, 
Appendix, 538. 
Speed of Testing, Effect of. 
Yield Point of Structural Steel. Report of 
Research Committee, 87. 
101. 


Report of Com- 


Discussion, 


Splitting Resistance Test. 
Tentative Methods of Testing Wool Felt, 


1226. 
Stainless Steel. 
See Alloy Steel; Chromium-Nickel Alloys. 
Standardization. 

Annual Report of the Executive Commit- 
tee, 54. 

Cement Reference Laboratory. Report of 
Subcommittee, Committee C-1, 288. 

Standards. Report of Committee E-10 on 
Standards, 555. 

Summary of the Proceedings of the Fortieth 
Annual Meeting, 1. 

Statistical Analysis. 

Methods of Testing. Report of Committee 
E-1, 508. 

A Study of Plastic Mortar Cubes, by H. W. 
Leavitt. Report of Committee C-9, 
Appendix, 321. 

Staybolts. 

Tentative Revision of Standard Specifica- 
tions for Staybolt Wrought Iron, Hollow 
Rolled, 1310. 

Tentative Revision of Standard Specifica- 
tions for Staybolt Wrought Iron, Solid, 
1308. 
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Steel. 

Chemical Analysis of Metals. 
Committee E-3, 543. 

Corrosion of Iron and Steel. 
Committee A-5, 111. 

Discrepancies in the Load-Carrying Abil- 
ities of Carbon Steels at 850 F., by H. W. 
Gillett. Report of Joint Research Com- 
mittee on Effect of Temperature on the 
Properties of Metals, Appendix IV, 187. 
Discussion, 192. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 164. 

Fatigue of Metals. Report of the Research 
Committee, 157. 

Iron-Chromium, Iron-Chromium- Nickel 
and Related Alloys. Report of Com- 
mittee A-10, 153. 

Nomenclature for Various Ranges in Stress 
in Fatigue. Report of Research Com- 
mittee on Fatigue of Metals, Appendix, 
159. Discussion, 162. 

Proposed Revision of Tentative Method of 
Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials 
(E 21-—34T). Report of Joint Research 
Committee on Effect of Temperature on 
the Properties of Metals, Appendix I, 
173. 

Proposed Revision of Tentative Method of 
Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials 
(E 21-34T). Report of Joint Research 
Committee on Effect of Temperature on 
the Properties of Metals, Appendix II, 
176. 

Report of the Wire Test Committee. Re- 
port of Committee A-5, 117. Appendix, 
122. 

Report on Long-Time Creep Tests of 18 per 
cent Chromium, 8 per cent Nickel Steel 
and 0.35 per cent Carbon Steel. Report 
of Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Appendix III, 178. 

Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals. 
Report of Committee E-1, Appendix: 


Report of 


Report of 
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Steel (Continued): 

Steel. Report of Committee A-1, 81. 

Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 

Tentative Revisions of Standard Specifica- 
tions for: 
Alloy-Steel Bolting Material for High- 

Temperature Service, 1306. 
Boiler and Firebox Steel for Locomotives, 
1303. 
High Tensile Strength Carbon-Steel 
Plates for Fusion-Welded Pressure 
4 Vessels (Plates over 2 in. to 4 in., 
Inclusive, in Thickness), 1304. 
High Tensile Strength Carbon-Steel 
Plates for Pressure Vessels (Plates 2 in. 
and Under in Thickness), 1303. 
Tron and Steel Chain, 1307. 
Structural Rivet Steel, 1305. 
Tentative Specifications for: 
lloy-Steel Bolting Materials for High- 
Temperature Service from 750 to 1100 
F., Metal Temperatures, 616. 
Carbon-Silicon-Steel Plates of Ordinary 
Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels, 
565. 
-Chrome-Manganese-Silicon (CMS) Al- 
_ loy-Steel Plates for Boilers and Other 
Pressure Vessels, 572. 
Tron and Steel Filler Metal (Arc-Welding 
Electrodes and Gas-Welding Rods), 
589. 
‘Low-Carbon-Nickel Steel Plates for Boil- 
_ ers and Other Pressure Vessels, 577. 
-Molybdenum-Steel Plates for Boilers and 
_ Other Pressure Vessels, 582. 
Seamless Alloy-Steel Pipe for Service at 
_ Temperatures from 750 to 1100 F., 622. 
Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for Service at Temperatures 
from 750 to 1000 F., 633. 
Seamless Cold-Drawn Intermediate Al- 
loy-Steel Heat-Exchanger and Con- 
denser Tubes, 601. 
Seamless Intermediate Alloy-Steel Still 
_ Tubes for Refinery Service, 608. 
Zinc-Coated (Galvanized) Iron or Steel 
Barbed Wire, 643. 
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Zinc-Coated (Galvanized) Iron or Steg 
Farm-Field and Railroad Right-of. 
Way Wire Fencing, 646. 

Yield Point of Structural Steel. Report of 
Research Committee, 87. Discussion, 
101. 

Yield Strengths Corresponding to Small 
Percentages of Set. Report of Commit. 
tee E-1, Appendix II, 523. 

Still Tubes. 

Tentative Specifications for Seamless Inter. 
mediate Alloy-Steel Still Tubes for Re. 
finery Service, 608. 

Stone. 

Tentative Methods of Test for: 

Abrasion of Coarse Aggregate by Use of 
the Los Angeles Machine, 801. 

Sieve Analysis of Granular Mineral Sur. 
facing for Asphalt Roofing and Shin- 
gles, 965. 

Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate, 


804. 
Tentative Revisions of Standard Specifica- 
tions for: 
Block for Durax Granite Pavements, 
1322. 
Block for Granite Block Pavements, 
1322. 
Block for Recut Granite Block Pave- 
ments, 1322. 
Tentative Specifications for Concrete Ag- 
gregates, 792. 


Tentative Specifications for Standard Sizes 
of Coarse Aggregate for Highway Con- 
struction, 918. 

Strip. 

Tentative Method of Test for Flexivity of 
Thermoflex (Thermostatic Metals), 711. 

Tentative Specifications for Rolled Zinc, 
698. 


Structural Clay Tile. 
See Tile. 


Structural Steel. 
Yield Point of Structural Steel. 
Research Committee, 87. 
101. 
Structural Wrought Iron. 
Tentative Specifications for Rolled 
Wrought-I hapes and Bars, 664. 


Report of 
Discussion, 
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Sulfonated Oils. 
Proposed Methods of Chemical Analysis of 
Sulfonated (Sulfated) Oils. Report of 
Committee D-12, Appendix I, 457. 
Summary of Proceedings. 
Summary of the Proceedings of the Fortieth 
Annual Meeting, 1. 
Super-Pure Metals. 
Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metals, by Thomas A. 
Wright. Report of Committee E-2, 
Appendix, 538. @ 
Suspended Level Viscosimeter. 
Tentative Methods of Test for Kinematic 
Viscosity, 900. 


Talc. 

Tentative Method of Test for Sieve Analy- 
sis of Non-Granular Mineral Surfacing 
for Asphalt Roofing and Shingles, 969. 

Tape. 

Tentative Methods of Testing Varnished 
Cloths and Varnished Cloth Tapes Used 
in Electrical Insulation, 1047. 

Tentative Specifications for Black Bias-Cut 
Varnished Cloth Tape Used for Electrical 
Insulation, 979. 

Tentative Specifications for Insulated Wire 
and Cable: Class AO, 30 per cent Hevea 
Rubber Compound, 1070. 

Tar. 

Tentative Revision of Standard Method of 
Test for Softening Point of Tar Products 
(Cube-in-Water Method), 1321. 

Tar Acids Test. 

Tentative Method of Test for Tar Acids in 
Creosote and Creosote - Coal Tar Solu- 
tions, 832. 

Temperature, Effect of. 

Discrepancies in the Load-Carrying Abil- 
ities of Carbon Steels at 850 F., by H. W. 
Gillett. Report of Joint Research Com- 


mittee on Effect of Temperature on the 


Properties of Metals, Appendix IV, 187. 
Discussion, 192. 


Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 


mittee, 164. 


Proposed Revision of Tentative Method of 
Test for Short-Time High-Temperature 
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Tension Tests of Metallic Materials 
(E 21-34T). Report of Joint Research 
Committee on Effect of Temperature on 
the Properties of Metals, Appendix I, 
173. 

Proposed Revision of Tentative Method of 
Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials 
(E 21-347). Report of Joint Research 
Committee on Effect of Temperature on 
the Properties of Metals, Appendix II, 
176. 

Report on Long-Time Creep Tests of 18 per 
cent Chromium, 8 per cent Nickel Steel 
and 0.35 per cent Carbon Steel. Report 
of Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Appendix III, 178. 

Tentative Method of Test for Flexivity of 
Thermoflex (Thermostatic Metals), 711. 

Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 

Temper Test. 

Tentative Specifications for Rolled Zinc, 

698. 
Tension Testing. 

Modulus of Elasticity of Aluminum Alloys, 
by R. L. Templin and Sam Tour. Report 
of Committee B-7, Appendix I, 258. 

Proposed Revision of Tentative Method of 
Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials 
(E 21-347). Report of Joint Research 
Committee on Effect of Temperature on 
Properties of Metals, Appendix I, 173. 

Proposed Revision of Tentative Method of 
Test for Short-Time High-Temperature 
Tension Tests of Metallic Materials 
(E 21-347). Report of Joint Research 

Committee on Effect of Temperature on 
Properties of Metals, Appendix II, 176. 

Report on Usefulness and Limitation of 

_ Various Tests as Applied to Sheet Metals. 

Report of Committee E-1, Appendix I, 

A Study of Die Design Changes for the 
Improvement of the Soundness and Uni- 
formity of Test Bars, by G. L. Werley. 
Report of Committee B-6, Appendix II, 
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Tension Testing (Continued): 
Tentative Methods of Testing: 

Rubber Hose, 1153. as 

Rubber Insulated Wire and Cable, 1166. 

Sheet and Plate Materials Used in Elec- 
trical Insulation, 1027. 

Short-Time High-Temperature Tension 
Tests of Metallic Materials, 1290. 

Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation, 
1047. 

Tentative Specifications for: 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat-Resist- 
ing Rubber Compound, 1096. 

Insulated Wire and Cable: Performance 
Rubber Compound, 1109. 

Yield Strengths Corresponding to Small 

Percentages of Set. Report of Commit- 

tee E-1, Appendix II, 523. 


Tentative Revisions. 

(Revisions of Standards and Tentative 
Standards are given in the reports of the 
standing committees responsible and are 
also indexed under the materials and 
subjects covered by them.) 

Tentative Revisions of A.S.T.M. Standards, 
1303. 


Test Bars. 
A Study of Die Design Changes for the 
Improvement of the Soundness and Uni- 
formity of Test Bars, by G. L. Werley. 


Report of Committee B-6, 
223. 


Testing Apparatus. 
See also Testing, Physical Methods of. 
Tentative Method of Test for Knock Char- 

acteristics of Motor Fuels, 879. 


Tentative Specifications for Rolled Zinc, 
698. 


Testing, Physical Methods of. 

(Methods of analysis, sampling, testing, 
etc., and revisions thereof, are also in- 
dexed under the materials and subjects 
covered by them.) 


Methods of Testing. Report of Committee 
E-1, 508. 


Report on Usefulness and Limitation of 
Various Tests as Applied to Sheet Metals, 
Report of Committee E-1, Appendix |, 
518. 

Tentative Method of Test for Abrasion of 
Coarse Aggregate by Use of the Los 
Angeles Machine, 801. 

Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 

Yield Point of Structural Steel. Report of 
Research Committee, 87. Discussion, 101. 

Yield Strengths Cogresponding to Small 
Percentages of Set. Report of Commit- 
tee E-1, Appendix II, 523. 

Textile Materials. 

Proposed Revisions in Standards for Textile 
Materials. Report of Committee D-13, 
Appendix, 491. 

Tentative Definitions and Terms Relating 
to Textile Materials, 1243. 


Tentative Methods of Testing: 
Asphalt Roll Roofing, Cap Sheets and 
Certain Wool and Part Wool Fabrics, 

1231. 
Electrical Insulation, 1056. 
Identification of Fibers in Textiles and 
tiles, 1174. 
Pile Floor Covering, 1235. a 
Rayon, 1202. 
Varnished Cloths and Varnished Cloth 
1047. 
Volumetric Determination of Small 
Wool Felt, 1226. 

Tentative Revision of Standard General 
Fabrics, 1322. 

Tentative Revision of Standard Methods of 
Woven and on Cones, 1323. 

Tentative Specifications for: 

Mineral Granules, 933. 
Asphalt Roofing Surfaced with Powdered 


Shingles, 957. 
Flexible Varnished Tubing Used for 
for the Quantitative Analysis of Tex- 
Properties of Cotton Fibers, 1189. 
Tapes Used in Electrical Insulation, 
Amounts of Copper in Textiles, 1240. 
Methods of ‘Testing Woven Textile 
Testing and Tolerances for Tire Cord, 
Asphalt Roofing Surfaced with Coarse 
Talc or Mica, 941. 
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Black Bias-Cut Varnished Cloth Tape 
Used for Electrical Insulation, 979. 

Fineness of Wool Tops, 1218. 

Flexible Varnished Tubing Used in Elec- 
trical Insulation, 985. 

Textile Materials. Report of Committee 
D-13, 481. 

Thermal Shock Test. 

Tentative Method of Testing Pin-Type, 

Lime Glass Insulators, 1008. 
Thermoflex (Thermostatic Metals). 

Tentative Method of Test for Flexivity of 

Thermoflex (Thermostatic Metals), 711. 
Thermometers, A.S.T.M. 

Air chamber thermometer, Tentative 
Method of Test for Vapor Pressure of 
Petroleum Products (Reid Method), 891. 

Kinematic viscosity test thermometer, 
Tentative Methods of Test for Kinematic 
Viscosity, 902. 

Water-bath thermometer, Tentative 
Method of Test for Vapor Pressure of 
Petroleum Products (Reid Method), 890. 

Thermostatic Metals. 

Electrical-Heating, Electrical-Resistance 
and Electric-Furnace Alloys. Report of 
Committee B-4, 203. Discussion, 207. 

Thickness. 

Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 
tee B-7, Appendix II, 261. 

Tentative Method of Testing Pin-Type, 
Lime Glass Insulators, 1008. 

Tentative Methods of Testing Wool Felt, 
1226. 

Tentative Specifications for: 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat- 
Resisting Rubber Compound, 1096. 

Rubber Gloves for Electrical Workers on 
Apparatus or Circuits not Exceeding 
3000 Volts to Ground, 1062. 

Tile. 

Hollow Masonry Building Units. 
of Committee C-10, 333. 

Tentative Specifications for Glazed Build- 
ing Units, 736. 

Timber. 
Fire Tests of Materials and Construction. 
Report of Committee C-5, 305. 


Report 
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Tentative Specifications for Fire-Retardant 
Properties of Wood for Scaffolding and 


Shoring, 756. 
Timber. Report of Committee D-7, 410. 
Timber Preservatives. 

Tentative Method of Test for Tar Acids in 
Creosote and Creosote - Coal Tar Solu- 
tions, 832. 

Tentative revision of definition of water-gas 


Tin. 
Standards and Pure Materials. Report of 
Subcommittee V, Committee E-2, 531. 
Super-Purity Metals, by 
Wright. 
Appendix, 538. 
Tire Cord and Fabrics. 
Resistance of Rubber Compounds, 1134. 
Tentative Revision of Standard Methods 


of Testing and Tolerances for Tire Cord, | 


Woven and on Cones, 1323. 
Titanium Pigments. 

Tentative Specifications for Titanium- 

Magnesium Pigment, 840. 
Transformer Oils. 

Tentative Method for Conversion of Kine- 
matic Viscosity to Saybolt Universal 
Viscosity, 911. 

Tentative Methods of Test for Kinematic 
Viscosity, 900. 

Tentative Methods of Test for Insulation 
Resistance of Electrical Insulating Ma- 
terials, 1016. 

Tentative Revision of Standard Methods of 
Testing Electrical Insulating Oils, 1324. 

Transverse Testing. 

See Flexure Testing. 

Trolley Wire. 

Copper and Copper Alloy Wires for Elec- 
trical Conductors. Report of Committee 
B-1, 193. 

Tubes. 

See also Pipe and Piping Materials. 

Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of 
Metallic Materials, 1290. 

Tentative Methods of Testing Flexible 
Varnished Tubing Used for Electrical 
Insulation, 1056. 


Thomas A. 
Report of Committee E-2, 


Tentative Methods of Test for a 


tar, Standard Definitions of Terms Relat- _ 
ing to Timber Preservatives, 1327. 
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Tubes (Continued): , 
Tentative Specifications for: 

Copper and Copper-Alloy Seamless Con- 
denser Tubes and Ferrule Stock, 684. 
Flexible Varnished Tubing Used in Elec- 

trical Insulation, 985. 

Seamless Cold-Drawn Intermediate Alloy- 
Steel Heat-Exchanger and Condenser 
Tubes, 601. 

Seamless Intermediate Alloy-Steel Still 
Tubes for Refinery Service, 608. 

Tumbler Test. 

Tentative Method of Tumbler Test for 
Coal, 827. 
Tung Oil. 
Tentative Revision of Standard Specifica- 
tions for Raw Tung Oil, 1317. 
Testing of Paint Vehicles. Report of Sub- 
committee III, Committee D-1, 347. 
Turbine Oils. 


Turbine Oils. Report of Subcommittee XI, 
; Committee D-2, 367. 
Twist. 


Tentative Definitions and Terms Relating 
to Textile Materials, 1243. 

U 

Unsulfonated Residue. 

Proposed Method of Test for Unsulfonated 
Residue of Plant Spray Oils. Report of 

Committee D-2, Appendix II, 375. 


Valves. 

Alloy-Steel Bolting Materials for High- 
Temperature Service from 750 to 1100 F., 
Metal Temperatures, 616. 

Vapor Pressure. 

Natural Gasoline. Report of Subcommit- 
tee XXII, Committee D-2, 369. 

Tentative Method of Test for Vapor Pres- 
sure of Petroleum Products (Reid 
Method), 888. 

Varnish. 

Paint, Varnish, Lacquer, and Related 
Products. Report of Committee D-1, 339. 

Tentative Methods of Testing Flexible 
Varnished Tubing Used for Electrical 
Insulation, 1056. 

Tentative Methods-of Testing Varnished 
Cloths and Varnished Cloth Tapes Used 


Supyect InpEx, PartI 


in Electrical Insulation, 1047. Rubber Compound, 1109. 


Tentative Specifications for Black Bias-Cyt 
Varnished Cloth Tape Used for Electrica} 
Insulation, 979. 

Tentative Specifications for Flexible Var. 
nished Tubing Used in Electrical Insulg. 
tion, 985. 

Vibration Damping. 

Tentative Method of Test for Compression 

Set of Vulcanized Rubber, 1127. 
Viscosity. 

Method for Converting Kinematic Viscosity 
to Saybolt Universal Viscosity, by C. E. 
Headington and J. C. Geniesse. Report 
of Committee D-2, Appendix III, 380. 

Tentative Definitions of Terms Relating to 
Rheological Properties of Matter, 1300. 

Tentative Method for Conversion of Kine- 
matic Viscosity to Saybolt Universal 
Viscosity, 911. 

Tentative Methods of Test for Kinematic 
Viscosity, 900. 

Tentative Revision of Standard Method of 
Test for Viscosity by Means of the Say- 
bolt Viscosimeter, 1320. 

Tentative Viscosity-Temperature Charts 
for Liquid Petroleum Products, 914. 

Viscosity-Gravity Number. 

Diesel-Fuel-Oil Classification. Report of 

Committee D-2, Appendix IV, 385. 
Volatile Matter. 

Tentative Revision of Standard Methods 
of Laboratory Sampling and Analysis of 
Coal and Coke, 1326. 

Voltage Test. 

Report on Methods of Testing Oxide Coat- 
ings on Aluminum. Report of Commit- 
tee B-7, Appendix II, 261. 

Significance of Tests of Electrical Insulat- 
ing Materials. Report of Committee 
D-9, Appendix IT, 436. 

Tentative Methods of Testing Rubber 
Insulated Wire and Cable, 1166. 

Tentative Specifications for: 

Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat-Resist- 
ing Rubber Compound, 1096. 

Insulated Wire and Cable: Performance 
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Volume Change. 
Tentative Methods of Test for Changes in 
Properties of Rubber and Rubber-Like 


Var. Materials in Liquids, 1148. 
nsula. Tentative Methods of Testing Solid Filling 
and Treating Compounds Used for Elec- 
trical Insulation, 988. 
ession Vulcanized Rubber. 
See Rubber Products. 
C.E. Water. 
eport See also Absorption Test. 


80. Research. Report of Committee E-9, 549. 
Water for Industrial Uses. Report of 


ng to 

300. Committee D-19, 505. 

Kine- Water Gas Tar. 

versal Tentative Revision of Standard Definitions 
of Terms Relating to Timber Preserva- 

matic tives, 1327. 

Waterproofing. 

od of Bituminous Waterproofing and Roofing 

Say- Materials. Report of Committee D-8, 
413. 

harts Tentative Methods of Testing Films De- 
posited from Bituminous Emulsions, 955. 

Tentative Specifications for: 

~— Asphalt for Damp-proofing and Water- 
proofing, 927. 
Asphalt for Use in Constructing Built-Up 
Roof Coverings, 930. 
+hods Coal-Tar Pitch for Roofing, Damp- 
is of proofing and Waterproofing, 948. 
Creosote for Priming Coat with Coal-Tar 
Pitch in Damp-proofing and Water- 
Soat- proofing, 951. 
umit- Weathering. 

See also Corrosion. 
ulat- Accelerated Tests for Protective Coatings. 
ittee Report of Subcommittee VII, Committee 

D-1, 350. 
bber Symposium on Correlation Between Accel- 
erated Laboratory Tests and Service 
Tests on Protective and Decorative 
), 30 Coatings. Report of Committee D-1, 339. 
und, Tentative Method of Test for Soundness of 
Aggregates by Use of Sodium Sulfate or 
esist- Magnesium Sulfate, 804. 


Weight. 
Tentative Methods of Test for Changes in 
Properties of Rubber and Rubber-Like 
Materials in Liquids, 1148. 
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Welding. 


Tentative Specifications for: 
Carbon-Silicon-Steel Plates of Ordinary © 
Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels, 

565. 

Chrome-Manganese-Silicon (CMS) Alloy- 
Steel Plates for Boilers and Other 
Pressure Vessels, 572. 

Iron and Steel Filler Metal (Arc-Welding 
Electrodes and Gas-Welding 
589. 

Low-Carbon-Nickel Steel Plates for | 
Boilers and Other Pressure veuwte, 

Molybdenum-Steel Plates for Boilers and 
Other Pressure Vessels, 582. 


White Lead Pigments. a 
Tentative Method of Test for Relative Dry 
Hiding Power of White Pigments, 844. 
Tentative Specifications for Basic Sulfate 
White Lead, 838. 


Wire. 
Copper and Copper Alloy Wires for Elec- 
trical Conductors. Report of Committee 
B-1, 193. 


Electrical-Resistance 
and Electric-Furnace Alloys. Report of 
Committee B-4, 203. Discussion, 207. 

Report of the Wire Test Committee. 
Report of Committee A-5, 117. Appen- 
dix, 122. 

Tentative Methods of Testing Rubber 
Insulated Wire and Cable, 1166. 

Tentative Specifications for: 
Copper-Silicon Alloy Wire for General 

Purposes, 689. 

Hard-Drawn Copper Alloy Wires for 
Electrical Conductors, 693. 

Insulated Wire and Cable: Class AO, 
30 per cent Hevea Rubber Compound, 
1070. 

Insulated Wire and Cable: Heat-Resist- 
ing Rubber Compound, 1096. 

Insulated Wire and Cable: Performance 
Rubber Compound, 1109. 

Zinc-Coated (Galvanized) Iron or Steel 
Barbed Wire, 643. 

Zinc-Coated (Galvanized) Iron or Steel 
Farm-Field and Railroad Right-of- 
Way Wire Fencing, 646. 


Electrical-Heating, 


Wood. 

See Timber. 

Wool. 

Tentative Definitions and Terms Relating 
to Textile Materials, 1243. 

Tentative Methods for the Identification of 
Fibers in Textiles and for the Quantita- 
tive Analysis of Textiles, 1174. 

Tentative Methods of Testing: 

Certain Wool and Part Wool Fabrics, 


1231 
a Pile Floor Covering, 1235. 
Wool Felt, 1226. 
Tentative Specifications and Methods of 
Test for Fineness of Wool Tops, 1218. 
Textile Materials. Report of Committee 
D-13, 481. 


Wrought Iron. 
Chemical Analysis of Metals. Report of 
Committee E-3, 543. 
Corrosion of Iron and Steel. Report of 


Committee A-5, 111. 

Proposed Revisions in Tentative Standards 
for Wrought Iron. Report of Committee 
A-2, Appendix, 107. 

Tentative Revisions of Standard Specifica- 

tions for: 

Iron and Steel Chain, 1307. 

Staybolt Wrought Iron, Hollow Rolled, 
1310. 

Staybolt Wrought Iron, Solid, 1308. 

Uncoated Wrought-Iron Sheets, 1310. 

Welded Wrought-Iron Pipe, 1308. 

Wrought-Iron Rolled or Forged Blooms 
and Forgings, 1308. 

Zinc-Coated (Galvanized) Wrought-Iron 
Sheets, 1310. 

Tentative Specifications for: 

Rolled Wrought-Iron Shapes and Bars, 
664. 

Single and Double Refined Wrought-Iron 
Bars, 649. 

Wrought-Iron Plates, 653. 

Wrought-Iron Rivets and Rivet Rounds, 


659. 
—* Ison. Report of Committee A-2, 
103. 


Yarns. 


Tentative Methods of Testing and Toler- 
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ances for Certain Wool and Part Woo 


Fabrics, 1231. 


_ Tentative Methods of Testing and Toler. 


ances for Rayon, 1202. 
Yield Point. 

Yield Point of Structural Steel. 
Research Committee, 87. 
101. 

Yield Strength. 

Yield Strengths Corresponding to Small 
Percentages of Set. Report of Com. 
mittee E-1, Appendix II, 523. 

Yield Value. 

Tentative Definitions of Terms Relating to 

Rheological Properties of Matter, 1300, 


Report of 
Discussion, 


Zinc. 
Non-Ferrous Metals and Alloys. 
of Committee B-2, 198. 
Report of the Wire Test Committee. Re- 


Report 


port of Committee A-5, 117. Appendix, 
122. 
Standards and Pure Materials. Report of 


Subcommittee V, Committee E-2, 531. 
A Study of Die Design Changes for the 
Improvement of the Soundness and Uni- 
formity of Test Bars, by G. L. Werley. 
Report of Committee B-6, Appendix II, 


223. 

Super-Purity Metals, by Thomas A. 
Wright. Report of Committee E-?, 
Appendix, 538. 


Tentative Specifications for: 

Rolled Zinc, 698. 

Zinc-Coated (Galvanized) Iron or Steel 
Barbed Wire, 643. 

Zinc-Coated (Galvanized) Iron or Steel 
Farm-Field and Railroad Right-of- 
Way Wire Fencing, 646. 

Zinc Pigments. 

Tentative Method of Test for Relative Dry 
Hiding Power of White Pigments, 844. 
Tentative Methods of Routine Analysis of 

Zinc Yellow Pigment (Zinc Chromate 

Yellow), 849. 

Tentative Revision of Standard Specifica- 

tions for Zinc Oxide, 1316. 

Tentative Revision of Standard Specifica- 

tions for Zinc Sulfide, 1316. 


See also Textile Materials. ae Tentative Specifications for Zinc Sulfide 


Magnesium Pigment, 842. 
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